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This  is  a Preliminary  Report  in  which  an  effort  has  b9en 
made  to  compile  available  information  on  the  physical  and 
engineering  principles  Involved  in  the  design*  bonding, 
inspection  and  testing  of  adhesive  bonds,  especially  o* 
those  types  most  freauently  used  in  ordnance  devices* 

The  literature  in  this  field  i«  fragmentary  and  inadequate 
and  it  is  hoped  that  valuable  experience  obtained  by  the 
users  of  this  report  -Bill  be  made  available  to  the  authors 
for  incorporation  in  subsequent  revisions,  NAVORD  Report 
2273  (Restricted)  is  a companion  to  this  Report  and  contains 
engineering  data  OH  <lUi;CSl7  CH  ullu  adhersnds  in  loose  leaf 
form  for  use  in  specific  adhesive  bond  design  problems, 
as  well  a3  abstracts  of  government  and  commercial  specifica- 
tions on  adhesives.  These  Reports  were  prepared  at  the 
request  of  the  Bureau  of  Ordnance  under  NOL  Task  Relb -4 50, 
entitled  "Adhesives  for  Ordnance  Use",  Large  segments 
of  the  field  of  adhesives  technology  remain  controversial 
to  date.  The  opinions  expressed  in  this  Report  are  those 
of  the  authors  and  are  published  for  information  only. 
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Dr,  G„  M.  Kline  and  Mr.  F.  W.  Reinhart  of  the  National 
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their  valuable  paper  on  "The  Fundamentals  of  Adhesion" 
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end  in  the  "Paper  Trade  •Tourri3l"0 
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which  is  a first  order  approximation  assuming  small  .strains 
and  which  is  useful  with  some  sets Is,  is  not  appropriate 
for  use  in  the  design  of  an  adhesive  bond  in  view  of  the 
viscoelastic  properties  and  non-lines**  stress-strain  rela- 
tionships which  s re  characteristic  of  all  hut  the  most 
brittle  and  highly  crosslinked  polymeric  substances  from 
which  adhesives  are  compounded.  From  a statistical  view- 
point adhesive  bonds  exhibit  distributions  of  mechanical 
strengths  which  ere  scattered  more  widely  than  those 
observed  in  metals  for  reasons  which  are  not  well  under- 
stood. Lastly,  a material  may  be  tested  as  an  adhesive 
only  by  testing  a structure  containing  a bonded  layer  of 
the  material,  the  stress  distributions  in  which  are  not 
yet  defined.  In  fact,  the  actual  mechanical  strengths  of 
materials  in  a bond  cannot  be  characterized  except  in 
terms  of  the  net  strength  of  the  particular  assembly  tested, 
and  adhesives  can  be  compared  only  by  comparing  the  perform- 
ance of  given  bonded  assemblies,, 

In  view  of  the  difficulties  associated  with  the  chemical, 
mechanical  and  statistical  aspects  of  the  technology  of 
adhesives,  together  with  the  limited  market  for  adhesives, 
no  gresu  effort  has  been  applied  by  Industrial  interests 
ioward  the.  development  of  this  field  very  far  beyond  the 
status  of  an  art.  and  the  development  of  improved  adhesives 
has  bean  to  great  extent  a "cut  and  try"  process,  with  great 
reliance  being  placed  on  consumer  acceptance  for  further 
direction  of  chemical  formulation. 

In  turn,  the  engineer  is  forced  to  approach  his  design 
problems  in  a similar  fashion,  using  his  best  Judgment  as 
to  the  materials,  processes  and  geometries  to  employ  and 
eva3uating  Ms  decisions  by  studying  the  performance  and 
reliability  of  the  finished  structure.  From  the  ordnance 
engineer's  point  of  view  the  main  drawbacks  to  the  use  of 
an  adhesive  bond  include  the  reputation  of  adhesives  for 
low  reliability  the  relative  backwardness  of  the  technology 
of  adhesives  ana  the  scarcity  of  useful  information  on  the 
thousands  of  adhesives  which  are  available  commercially,, 
however,  the  advantages  of  adhesive  bonds  over  mechanical 
and  ether  means  of  attachment,  particularly  the  ability 
of  an  adhesive  to  spread  stresses  in  a weak  structural 
material  and  to  bear  heavy  loads,  together  with  dielectric 
characteristics,  sealant  properties  uud  ease  of  fabrication 
without  vibration  or  shock  and  sometimes  without  heat, 
make  an  adhesive  bond  •attractive  tc  the  engineer  and  impel 
him  tc  muddle  through  a bond  design  despite  the  attendant 
uncertainties., 
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practical  importance  using  the  theory  developed  by  Goland 
and  Reissner,  the  results  of  which  are  included  in  the 
Section  in  addition,  the  various  theories  of  strength 
ifeclnrt:  and  creep  are  discussed  briefly  in  relation  to  the 
behav  or  of  adhesive  bond,. 

In  Section  III  the  authors  have  set  forth  s fransawsrk 
for  a systematic  approach  to  the  design  of  an  adhesive  bond, 
which  framework  is  now  in  the  process  of  development  at  this 
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to  the  lack  of  accurate  descriptions  of  stress  concentrations 
in  adherive  bonds  and  due  to  a lack  of  definitive  data  on  the 
statistical  distribution  of  strength  after  exposure  to  service 
environments.  However  it  is  presented  to  show  the  trends  in 
thinking  which  say  lead  to  an  tolerable  systematic  approach 
as  further  research  and  development  is  carried  out.  For  the 
immediate  assistance  of  the  design  engineer  practical  advice 
is  given  regarding  the  many  factors  which  are  involved  in  a 
design  problem. 

In  treating  the  topic  of  bonding  processes  in  Section  IV 
the  subject  has  been  approached  in  a general  way,  covering  the 
available  forms  of  adhesives,  spreading  techniques,  the 
assembly  of  the  bond,  the  application  of  force  and  the  heating 
of  the  bond.  Specific  directions  for  the  use  of  proprietary 
edhesives  are  set  forth  in  the  companion  report  along  with  the 
properties  of  the  adhesives. 

Test  methods  and  inspection  procedures  are  described  and 
discussed  In  Section  V,  the  aim  being  to  acquaint  the  engineer 
with  those  methods  which  are  available  and  with  current  opinions 
relating  to  their  theory  ~nd  •.’alidity  as  well  as  to  discuss  the 
usefulness  of  the  data  obtainable  by  this  use.  The  Inspection 
of  completed  bonds  Is  discussed  and  tho  various  methods  which 
have  been  pronr-^eri  for  this  purpose  ar-i  deocribed. 

A glossary  of  terms  is  given  in  Section  VI.  This  glossary 
was  developed  by  the  A STM  Committee  D-  .4  on  Adhesives  end  has 
been  modified  by  the  authors  to  a minor  extent  aw  dictated  by 
circumstances , 
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There  are  many  physical  factors  which  affect  the  strength  of 
a bond  by  determining  the  closeness  of  contact  of  the  adherent! 
and  adhesive,  by  altering  the  surface  area  involved,  or  by 
influencing  the  stress  conditions  in  the  Joint  either  as 
initially  formed  or  under  external  loading.  A 3 though  some 
of  the  strength  of  a bond  between  an  adhesive  and  a porous 
surface  car.  be  attributed  to  tendrils  of  adhesive  »hich  enter 
the  pores,  this  mechanical  interpenetration  can  not  account 

-**  - ... - - - - 1 1 .1  4-V%  A 4 K ' ,,  X *• 

i Ui  mu i c u'Qi1.  a cuia  xx  i i a t i.  j. um  vi  tuv  jv**{  # j t i c vii  o 

Evidence  has  accumulated  from  many  pertinent  fields  which 
lndicat.es  that  molecular  attractive  forces  are  primarily 
responsible  for  the  bond  between  any  two  surfaces > 


ine  types  oi  chemical  bonus  involved  xii  specif  j.0  auhe- 
aion  will  be  reviewed  first  in  this  paper,  followed  by  a 
discussion  of  various  physical  factors  which  affect  bond 
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CHEMICAL  FACTORS  IN  ADHESION 


In  considering  the  chemical  and  physical  phenomena 
involved  in  adnesion  and  eohesioxi,  feur  general  types  of 
cnemic&J.  bends  auiat  ne  recognized i electrostatic,  covalent, 
and  metallic,  which  are  referred  to  as  primary  valence  bones* 
and  residual  bonding  attraction  forces,  commonly  known  a* 
van  dei  Waal  forces,  which  are  referred  to  as  socondady 
valence  bonds., 

PRIMARY  BONDS 

Electrostatic  bonds,,  Electrostatic  or  polar  bonds 
are  the  type  whicn&ct  to  hold  together  the  atoms  in  common 
salt?.  An  element  immediately  preceding  a rare  gas  in  the 
periodic  table  is  strongly  electronegative,  whereas  one 
immediately  following  it  is  strongly  electropositive,.  There 
is  a tendency  on  the  part  of  the  reactive  elements  to  chenge 
their  configurations  to  conform  with  those  of  the  rare  gases, 
which  ere  remarkably  inerto  Thus,  an  atom  of  potassium 
combines  with  one  of  chlorine  by  means  of  an  electron  transfer 
which  results  in  the  configuration  of  argon  for  each,. 
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By  means  of  this  mutual  claim  on  the  transferred  electron 
CL  ■*■  ' ions  will  remain  closely  associated  with  one  another  as 
C'  ass.  .j  chloride.  This  association  son  be  interfered  with, 
however,  as  by  solution  in  water,  in  which  case  the  potassium 
chlorid-3  will  dissociate  into  chlorine  as  a negative  ion  and 
potassium  as  a positive  ion.  If  the  water  Is  removed  t>y  evapo- 
ration, there  Ions  will  align  tnemseives  to  form  a crystal 
lattice.  In  such  a solid  the  attractive  forces  between  the 
oppositely  charged  Ions,  except  those  on  the  surface,  will  be 
satisfied.  However,  in  an  amorphous  solid  some  of  the  attractive 
polar  forces  will  not  be  satisfied  because  of  the  random  distri- 
bution of  the  ions. 


Co-valent  bonds.  These  are  the  type  which  act  to  hold 
together  the  atoms  of  carbon,  hydrogen,  and  other  elements  In 
organic  compounds.  I t is  also  this  type  of  bond  which  holds  the 
atoms  together  in  diatomic  gases,  such  as  chlorine.  A eo  valent 
bond  Is  one  formed  by  two  atoms  sharing  electrons  in  such  a way 
as  to  at  count,  for  the  stability  of  each  In  attaining  tins  rare 
gas  configuration..  Thus,  m the  chlorine  molecule  each  £ tom 
require?  an  electron  to  complete  its  outer  shell.. 
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In  this  molecule  the  nositlve  attraction  of  the  nucleus  of  oaoi: 
atom  i r.  equally  great  on  each  of  the  two  negative  charges  of 
the  shaded  pair.  Substances  formed  by  such  bonds  do  not  ionize 
In  solution-  in  the  case  of  carbon,  it  has  an  outer  s.heii  of 
four-  electrons  which  it  will  share  in  covalent  bonds  with  other 
atoffia  obtain  a 3tabie  outer  shell  structure  of  eight  electrons, 
In  stable  gas  methane  It  shares  an  electron  with  each  af  four 
hydrogen  atoms 


C 


4H  « 


H 


Jr.  the  • ryc-te  i Une  form  of  carbon  (dia > it  shares  an  electron 
with  each  of  four  other  carbon  atoms. 


Th.-re  1:  e specla*.  tyre  of  co- valent  bond  wh.lcn  Involves 
sharing  of  electrons  by  an  atom  m a normally  stable  compound 
with  oU  er  atoms.  For  example,  the  sulfur  atom  in  dimethyl 
sulfide  has  formed  two  normal  co  valent  bonds  with  two  carbon 
atoms  tc  bring  about  the  completion  of  ,ts  full  complement  of 
eight  electrons  in  its  outer  shell. 

0 

H3  C*  V"  * CH^ *-  C -S  -CH3 

0 

However,  this  compound  can  take  on  two  oxygen  atoms  to  form 
dimethyl  sulfono j in  this  compound  the  sulfur  atom  is  sharing 
four  of  its  electrons  with  two  oxygen  atoms  in  addition  to 
sharihg  Its  c • two  electrons  in  normal  co- valent  bonds  with 
carbon  Such  bonds  formed  in  norma'Jiy  saturated  eorapounos  are 
cal j ed  coordinate  co- valent  bonds 


This  same  me  chon  i ra  is  to  explain  another  phenomenon 

occurrir g in  organic  molecules j namely,  the  chelate  compound s„ 
The  peculiar  properties  of  the  hydrate  of  the  sodium  derivative 
:i  benz-yl  acetone  indicate  that  this  .mbstance  may  be  repre 
sente:’’  ry  the  formula 
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in  which  the  arrow  indicates  that  two 
by  each  such  oxygen  atom.  It  «'ll  be 

fil  Aof  n t»q  Vi  «*i  * r»  fr  aKttti  c%A  + 
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outer  .hell  structure  of  eight  electrons 


electrons  are  contribute  1 
noted  that  In  effect  seven 
0 ^ 1- xirn  to  ® i w®  \ t an 

If  the  two  Bsoiec-'i-  e.v 


of  water  v-rro  present  as  water  of  crystallization,  the  compound 
should  have  the  same  chemical  properties  as  the  anhydrone  saxt 
is  insoluble  in  toluene,  whereas  the  hydrate  is  soluble,  indi  - 
eating  that  a differ  .nt  compound  has  been  formed  by  coordinate 
co- vaisnt  bonding  with  the  water  rao tscuies , 


Similarly,  evidence  indicates  that  the  phenolic  hydrogen  in 
sa  11  cy]  aldehyde  is  itself  linked  to  the  oxygen  of  the  aldehyde 
group  by  a coordinate  co-vaient  bond. 


H 


This  leads  to  a very  Important  case  o'  this  type  of  bonding  **- 
namely,  the  formation  of  hydrogen  bridges  between  molecules. 

Many  substances  cont  1 n*. ;.  / hydroxyl  groups  exhibit  this  structure 
and  even  water  has  been  shown  to  have  a trimerie  structure  in 
ice.  Thus,  coordinate  co~ valent  bonding  may  be  an  tmjxjrtant 
factor  in  adhesion  between  substances  containing  hydroxyl  or 
related  groups 

Metallic  bonds.  As  the  na-.je  .1ndj.cai.es,  these  are  the  type 
which  hold  the  atoms  of  metals  together.  A pure  metal  consists 
of  a crystalline  arrangement  of  metal'  ic  cations  with  free 
electrons  moving  In  the  interstices  in  a continuous  sot  uf 
energy  Levels.  Thus,  a metal  structure  is  relatively  homogeneous 
and  nonpolar.  However,  because  of  Its  freely  flowing  electrons 
a metal  has  mirror  image  force  e<=.i  :i.  its  surfaces  which 

are  «'U,  \ • a si  to  ' e 1.  .n  0 f.  ' of  an  adhesive  used 
on  it.  The  ref:.  r\  , • ••  aof'.v  1?  > 1 y "Op  rties  are  concerned,  an 

ad  he"  i v ^ r/ou.Ld  h;.  le  as  ‘rr--;.  -•  0 • . :r;ij'i  :y  for  a mete  1 as  It  would 
nave  iV  • n rr.atf-r ; 1 pn  i v*:  f-  * to  its  own 


SECONDARY  BOATS 

Va.i  der  Waals  forces  are  responsible  for  the  so-called 
secondary  bonds  between  substances  as  contrasted  with  the  primary 
bonds  --  electrostatic,  co*valent  and  metallic  --  which  are 
based  on  the  potent  forces  of  attraction  between  atomic  nuclei 
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and  orjltal  electrons.  When  such  primary  ootids  dt  to  rased, 
the  positive  and  negative  charges  of  the  participating  atoms 
are  no.  completely  neutralised,  There  remain  in  many  molecules 
residua]  energies  which  are  very  nearly  of  stable  bond  forming 
magnitudes.  Van  der  Waal?  provided  equations  for  co  lesi  La  ting 
th  e aiarnl tudes  of  these  residual  attractive  forces  fcr  a Ij. 
sub? ta  ice?.  These  forces  are  greater  for  the  molecules  of  com- 
pounds than  for:  molecules  of  elements  or  Inr-rt,  atoms,  thus 
indicator  that  unenua]  distribution  of  charter  accounts  for 
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cule,  .he  greater  the  Van  dor  '.7a  a Is  Jones  v.-l  I ) be.  These 
secondary  hording  forces  are  or  cons  1 d era M*-  si  ml  f .1  canoe  in 
the  adhesive  behavior  of  corr.rJ^x  substances. 


V.,n  der  ..'aals  forces  car:  be  attributed  so  three  different 
effects.:  Cl)  the  orientation  effect  of  permanent  electric 

dipole;’.;  (?)  the  induction  effect  of  pei-manent  dipoles  on 
polari sable  molecules;  and  ( 5)  the  disrf  rslon  effect  of  Interna 
electron  motions  Independent  dipole  moments,  The:~e  effects 
can  be  better  understood  by  considering  the  geometry  of  mole- 
cule? tnd  their  behavior  In  on  electric  field. 


Or 
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mass  of  the  positive  and  negative  charges  are  not  coincident 
because  of  asymmetric  internal  structure  possess  an  electric 
moment,  1 . e . they  have  an  electric  dipole,  in  the  organic- 
field,  molecules  containing  oxygon,  nitrogen,  sulfur,  and 
halogen  atom?  possess  permanent  oiectri  :•  dipoles  Such 
molecules  tend  to  orient  themselves  In  a uniform  eJLectr:. 
fleli,  attempting  to  align  themselves  with  the  dipole  axis 
parallel  to  the  direction  of  the  field.  Even  without  an 
gt  pilot  e lest  c field,  dipole  no  l ecu  let  can  exert  an  orienting 
influence  on  similar  mo-eeules  hy  attraction  between  the  unlike 
pole?  i f ea..  h . 


Induction  forces,  Molecules  which  do  t;  possess  a 
pfimim.nl  dipo  e moment  with  5,1. r-  except  ion  of  the  inert  gases, 
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Interactions  always  occurring  between  electron  systems  because 
cf  constantly  shifting  electron  positions.  They  are  present 
in  all  molecules  as  residual  valence  force;?.  These  dispersion 
forces  are  never  as  powerful  as  the  orientation  forces,. 


De  Bruyne  (1)  has  pointed  cut  that  the  orientation  and 
dispersion  forces  correspond,  respectively,  to  those  operative 
in  the  hydrophilic  or  polar  liquids  such  as  water,  and  the 
hydrophobic  or  nonpolar  liquids,  such  as  benzene.  The  fact 
that  these  two  liquids  do  not  mi*  is  Attributable  to  the  strength 
of  the  orientation  forces  between  the  permanent  dipoles  of  the 
water  molecules,  aqueezing  out  the  adjacent  benzene  molecules. 
Similar  considerations  may  be  exp3cted  to  apply  to  the  inter- 
action between  an  adhesive  and  an  adherent  In  general,  strong 
joints  to  polar  adhsrends  arc  net  obtained  with  nonpolar  adhe- 
sives, and  vice  versa.  Thus,  wood  calls  for  hydrophilic  or 
polar  adhesives  while  rubber  requires  hydrophobic  or  nonpolar 
adhesives.  Furthermore,  nonpolar  adhesives,  which  must  rely 
mainly  on  dispersion  forces,  should  not  be  expected  to  produce 
bonds  as  strong  as  those  of  polar  adhesives  which  can  possess 
orientation  attractions  many  times  greater  than  can  be  produced 
by  dispersion  forces.  De  Bruyne  cites  this  as  a possible  expla- 
nation for  the  fact  that  the  most  effective  method  of  rubber 
bonding  appears  to  depend  upon  producing  primary  bonds,  e o g „ « 
by  the  reaction  of  sulfur  with  both  the  rubber  molecule  and  the 
sdhererd . 


) 


CHEMICAL  NATURE  OF  SURFACES 


A knowledge  of  the  chemical  nature  of  surfaces  is  necessary 


r.  *.  - ~ A 

S a au 


in  order  to  unde 

adhesives  and  adherends 
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of  bond  formation  between 


Tbs  surfaces  of  solids  are  entirely  different  from  their 
interns!  structures.  The  simple  treatments  of  grinding  and 
polishing  differ  very  greatly  in  their  effects  on  surface  nature r. 
in  metals,  especially.  X-ray  diffraction  patterns  show  that 
grinding  removes  sections  of  the  surface  without  appreciable 
distortion  of  the  remaining  crystal  structure,  whereas  polish- 
ing removes  the  promontories  end  deposits  materials  from  them 
in  the  crevasses.,  leaving  a smooth  transparent  amorphous  film 


Known  fs  tnp  csiidV  XB'yar, 


»>'t-  - — 


la  y g r 


\J  i-  Vl4  V 


>» V>  O *«h  *• 41  OH 

n iv  a u v w* 


istics  of  a liquid  than  a solid  and  is  much  more  reactive.  If, 
for  example,  a metal  vapor  is  condensed  upon  e polish'd  metal 
surface,  a crystal  pattern  is  first  obtained,  but  on  standing 
this  changes  to  that  of  a completely  amorphous  structure.  If 
a nail  is  hammered  into  a crystalline  surface,  the  amourphoue 
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strengths  because  1)  the  adhesive  does  not  flow  sufficiently 
to  make  gecd  contact  with  the  adherend  or  2)  if  drastic  bono  • 
ir.g  conditions  are  reed  to  make  the  adhesive  flow  to  m«Ve  contact,, 
the  adhesive  becomes  too  rigid  to  relieve  stresses  developed 
on  returning  to  room  conditions,  thus  lowering  the  bond 
strength* 

McLaren  and  Seiler  (2)  showed  that,  provided  the  molecular 
weight  I o high  enough  so  that  cohesive  failures  do  not  occur 
the  adhesion  is  independent  of  the  molecular  weight*  How- 
ever, it,  seems  reasonable  to  expect  that  in  a case  where 
adhesion  depends  on  end  groups,  an  increase  in  molecular 
weight  would  result  in  a decrease  in  adhesion, 

^oiecuifir  weight  distribution  A low  molecular  weight 
fraction  in  a polymer  tends  to  act  as  a plasticizer.  The 
flow  characteristics  are  increased,  making  the  relief  of 
stresses  more  likely.  This  effect,  however,  can  be  carried 
too  far  and  result  in  a polymeric  adhesive  with  low  cohesive 
strength, 

Flasticizers,  The  addition  of  plasticizers  to  a poly- 
meric material  results  usually  in  s decrease  in  cohesive 
strength  and  an  increase  in  flow  characteri-stics.  By  choos- 
ing the  proper  amount  and  kind  of  plasticizer,  it  is  often 
poa  ,ible  to  convert  too  rigid  a polymer  with  many  other 
desirable  characteristics  into  $ good  adhesive.  The  addition 
cf  a plasticizer  of  a different  chemical  type  may  affect 
the  molecular  forces  responsible  for  the  adhesion.  By  addi< 
tion  of  the  proper  plasticizer,  it  is  often  possible  to  in- 
crease  or  decrease  the  adhesion  of  a specific  sdhesive-adherend 
system* 

Tack  temDerature,.  The  tack  temperature  is  related  to  the 
flow  characteristics  and  to  the  molecular  weight  of  the;  polymer 
in  question*  The  tack  temperature  is  indicative  of  the  region 
in  which  the  material  flows  more  or  less  readily*  It  is 
apparent  that,  a material  which  a low  tack  temperature  will 
have  low  cohesive  strength  and  one  with  a high  tack  temperature 
will  not.  have  the  requisite  flow  characteristics,  hence* 
an  apparent  relation  between  tack  temperature  and  adhesion 

"iM'lii  hn  OTtie,t(i(i 

’ I W -*•  ^ v_*  «.■#»  f v,  w m 

Absorbed  materials.  An  adhesive  will  sometimes  bond  to 
only  certain  random  areas  of  an  apparently  clean  adherend  or 
good  bonds  will  be  obtained  with  one  lot  of  adherend  and  not 
with  another  similar  lot-  These  inconsistent  results  can 
often  be  explained  by  the  presence  of  absorbed  gases,  water, 
oil,  or  other  materials  on  the  surface  of  the  adherend  which 
are  difficult  to  remove  and  are  not  visible  to  the  eye.  Special 
cleaning,  storing,  and  handling  techniques  are  often  needed 
to  obtain  reproducible  results. 
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The  problem  of  stress  distribution  In  a bonded  joint  is 
very  important.  From  preliminary  wrk,  both  experimental  and 
analytics 1.  there  is  sufficient  evidence  to  indicate  that  there 
are  high  stress  concentrations  at  the  boundaries  or  the  bonded 
joint.  Very  little  work  has  been  done  on  the  problem  of  stress 
distributions  in  bonded  joints  wxth  the  exception  of  shear  lap 


joints,  me  impetus  for  worn 
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been  provided 


by  the  aircraft  industry  in  which  the  adhesive  bondJng  of  thin 

sheet  metal,  principally  aluminum,  offers  great  promise  of 
bettor  juint  efficiency  as  compared  with  riveting  or  spot  weld- 
ing.. 

There  are  two  mein  factors  causing  high  stress  concent ra- 
ti oca  at  the  ends  of  a shear  Jap  joint  (1)  differential  strains 
on  the  adhesive  set  up  by  the  varying  rigidities  of  tne  adhesive 
and  adherenda  in  an  adhesively  bonded  joint  system  and  (25  bend- 
ing momenta  imparted  to  the  joint  by  che  reometry  and  the  bending 
rigidity  of  the  system.  To  get  a physical  concept  of  strains 
and  consequently  stresses  in  the  joint,  note  Figure  1 which 
illustrates  a section  of  a shear  lap  Joint,  before*  the  load  is 
applied.  The  adhesive  thickness  and  joint  geometry  are  exag- 
gerated for  purposes  of  visual  clarity.  The  joint  (overlap; 
length  1 3 notated  2e,  the  two  joined  sheets  are  considered  to 
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a 
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be  of  equal  thickness  t and  are  presumed  to  extend  a distance 
1 to  either  side  of  the  joint.  The  joint  width,  in  a direction 
nor»a!  to. the  plane  of  the  section  shown,  IS  3 S SuiSCd  vO 
compared  with  the  sheet  thickness 0 
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Figure  1 

~yp leal  section  of  an  unstressed  shear  lap  joint 


In  Figure  2 loading  is  applied  to  the  adherends  as  a uniformly 
distributed  loading  per  unit  length  p.  This  may  be  replaced 
by  a single  concentrated  load  per  unit  length  T which  is  equal 
to  pt0  2he  concentrated  loading  T forms  s couple  and  the 
ensuing  deformation  of  the  joint  system  tends  to  reduce  the  mo- 
ment arm  of  the  couple.  Figure  2 shows  the  shape  assumed  by  a 
shear  lap  joint  when  tensile  loading  is  applied  to  the  adherends,, 
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Figure  2 

Sh&pe  assumed  by  a shear  lap  Joint  when  tensile  loading 

is  applied 
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the  joint  system.  It  is  possible 
Joint  after  tensile  .loading  T 1‘ 
on  the  adhesive  layer  is  shorn 
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Figure  3 

Loading  on  a fhsar  lap  joint  when  tensile  loading 

is  applieo 


in  this  sket&h,  v * .an  see  tha 


the  unit  tensile  loading  on  the 
adherent!  sheet  tro  , *p*  a bending  moment;  i*.  a transverse  sheaf* 


load 


V and  a 


' C- vl  , 


t/so  or  the  adhesive  joint.  If  the  deform 


at  ion  of  the  Join,  i , small,  then  tve  sites  r load  Xs  wiij  be 
approximately  eeua  . to  the  applied  tensile  loading  T„  'Thus, 
it  is  possible  Ui  note  that  t :o  magnitude  of  K and  V wt  :•  1 be  a 
function  of  the  hendlrr  rigidity  of  ".he  adherend  system  and  of 
the  rigidity  c>f  ih«*  adhesive  layer  It  is  also  possible  to 
note  that  both  i'  and  V will  cause  'jneeual  stress  distribution 
in  the  *hear  lap  joint  Strain  distribution  is  the  second 
..t« jsr  factor  in  unequal  stress  distribution..  To  illustrate, 
consider  Figure  A which  shows  an  unstrained  sectia.n  of  o shesr 
lap  joint  .-  The  nine  arrows  represent  efjui  ii  slant  plane:  in  me 
adhesive  layer  ror.-.endj  eutar  u,  th*  plane  of  the  joint,  When 
jioadirse  1 s applied  in  ths  case  r?e?  iec  ;ing  the  bending  moment 
H and  the  traps  ver:  e steal  .-.vid  1 { rb«  deJVjTMat  Ion  of  t»  e adhesive 
layer  t akes  tv  e r.htre  tr  shown  in  Firure  y,  T'  is  i Hurt  rat  ic  n* 
again,  is  highly  exaggerated  but  serves  to  illustrate  tr e 
mecimnlis  of  e ihes: Ve  : eforma t tpr,  m & .’.near  lep  joint  . We  see 
that  the  loading  i.»  not  equ-illv  carried  by  the  entire  tv'eri§r 
tsf  the  joint  bu^  that  he  portion  oi  ths  ~v  j h e r p n d in  t « : * v over 
lap  are*,  nearest  t«»  thv  applied  .cad  trip  tends  to  terry  ' he  mojor 
part  the  load , This  would  produce  the  greatest  stresses  at 


as,  -of  ' •***  w- 


i'EXjfi-Mjwu  • i-'ir. x.-jay «.•  x.-_*. 


IfAVOHD  Report  2?72 


the  erics  of  the  Joint  and  relatively  low  stresses  In  the 
middle  of  the  jointo  Examining  adhesive  planes  "a"  and  "i% 


Figure  4 

Shear  Lap  Joint  before  load  is  applied <>  Adhesive 
j thickness  exaggerated 


i 

! 


Figure  < 

Shear  Lap  Joint  after  lead  is  applied  {after  Do  Sruyne) 


»s  nnic-  that  these  planes  not  only  undergo  the  greatest  shear 
deformation  but  the  greatest  strain  elongation  (See 
Figure  6}f  We  can  thus  predict  that  the  ends  not  only  carry 
the  greatest  shear  stress  but  the  greatest  tensile  stress  and 
that  the  tensile  stress  of  the  adhesive  may  be  the  governing 
criterion  of  the  strength  of  a shear  lap  joint  instead  of  the 
shear  strength  as  would  be  normally  expected  for  the  predom- 
inant shear  loadings  Again,  we  can  conclude  that  the  d?* form- 


at Ion  of  the  adhesive  layer  is  a function 


of  the  fjf* 


the  Joint  and  the  relative  rigidities  of  the  adhsrends  and  the 


sdnesiva,. 
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figure  6 

Strain  Deformation  at  free  boundary  edge  after 
load  is  applied 


The- re  is  ample  evidence  to  support  the  theory  explained 
in  the  preceding  paragraphs.  Shear  lap  joints  fail  at  the 
more  highly  stressed  ©nds$  the  ends  spring  apart  indicating 
great  tensile  or  "tearing"  stresses.  In  addition,  the  strength 
of  a shear  lap  joint  is  not  proportional  to  the  overlap 
distance  or  the  shear  lap  area.  We  can  conclude  that  if  failure 
were  predominantly  shear,  than  the  strength  of  the  joint 
would  be  proportional  to  the  shear  area.  Two  important  papers 
on  this  subject  have  been  published  and  it  is  proposed  to  go 
into  each  paper  in  detail.  The  first  Is  the  rigorous  theor- 
etical solution  ef  the  stress  distribution  in  the  adhesive 
layer  of  e shear  lap  joint  presented  by  Ociand  and  Reissnor 
in  the  March  19^4  issue  of  the  Journal  of  Applied  Mechanics, 

The  sect ns  is  "The  Strength  of  Glued  Joints'*  presented  by 
No  A.  De  Bruyne  in  the  April  19*4  issue  of  Aircraft  Engineer- 
ing* The  second  paper  is  based  on  experimental  data  and  is 
of  great  practical  value  in  the  design  of  shear  lap  Joints, 

Go land  and  Reissner,  in  their  solution  of  the  problem  of 
stress  distribution  in  the  adhesive  layer  of  a shear  lap  joint, 
used  the  following  notations. 

Let  p .i  mean  tensile  stress  per  unit  length  of  sheet  in  pal 
t ,«  thickness  of  sheet  in  inches 
2ti  * length  of  overlap  in  inches 
o ;;  length  of  sheet  beyond  the  overlap  assumed  to  be  sev 
era!  times  the  joint  overlap  in  inches 
E * Young's  modulus  of  sheet  material  In  psi 


A-Jui  M l « Jfciklikf.X..--*  bi*  I. . W*.  '£  ' t m?5L  id- 
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Sheet  tensile  stress  parallel  to  the  plane  of  the  joint  psi 

Shear  modulus  of  sheet  ffateriiil  in  psi 

poisaoa’s  ratio  of  sheet  material 

Young- s modulus  of  adhesive  in  psi 

Shear  modulus  of  adhesive  in  psi 

Shear  stress  in  the  plane  of  the  adhesive  layer  in  psi 
Adhesive  tensile  stress  perpendicular  to  the  plane 
of  the  adhesive  layer  in  psi 

Adhesive  tensile  stress  in  the  plane  of  the  adhesive 
layer  in  psi 
Adhesive  thickness 

Sheet  shear-  stress  acting  in  planes  parallel  to  the 
direction  of  G*  and  to 

Sheet  tensile  stress  perpendicular  to  the  plane  of  the 
joint  psi 

bending  moment  at  the  end  of  the  joint  in  in*  ibs. 
Transverse-  shear  at  the  end  of  the  joint  in  lbs* 

Tcxal  loading  per  unit  length  on  the  sheet  in  lbs. 


For  e diagram  of  the  shear  lap  joint,  see  Figure  I, 

In  order  to  simplify  the  problem,  the  suthors  decided  to 
explicitly  solve  for  the  two  limiting  conditions;  Case  I where 
the  cement  layer  is  so  thin  that  its  effect  on  the  flexibility 
of  the  Joint  could  be  neglected;  Case  II  where  the  joint 
flexibility  is  mainly  due  to  the  adhesive  layer  To  give 
quantitative  relations  where  these  assumptions  remain  valid* 
the  strain  energy  of  the  joint,  expressed  Sn  terms  of  the 
stresses,  is  given  by 

1 l Jf~  LVX  + ~ JTv~  V*  ~yj  •*"  -g-hy  I dxjy 


■ T n f { r +■  ~kr  To'}  <hc  0) 

■'-c  v ” 

For  Case  I,  the  work  of  the  stress  and  'Vo  may  be  neglect -id 

♦“Vv  yy  : T V it  m J5.tr  ^ TttSi  JT  rv£  f '.zA  * ■»-.  £ »,  a%r*  — 1 r*  y t y 
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and  acceptable  results  should  be  obtained  when* 

it  / it  ~ ~rb  £"  © 

This  range  holds  for  cementing  relatively  thick  wood  and 
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and  plastic  sheets*  For  Case  II  , the  treatr>ant  negiet.  fcs 
the  wcr*  of  and  ?*y  in  the  sheet  as  compared  to  the 
stresses  cs  and  T£  in  the  cement  and  the  orders  of  magnitude 
describing  the  range  in  validity  of  this  approximate  theory 
become e» 


&■  « Ja* 

C c.. 


<<  -St- 


and acceptable  results  should  be  obtained  when* 


I"--  Toi£  > ir  ~ is-f* 


these  order-of -magnitude  considerations  app3.y  for  the  bonding 
of  thin  sheet  raetalo  To  repeat,  these  values  only  establish 
the  regions  of  validity  of  the  subsequent  analysis  of  the 
two  limiting  eases* 

Before  attempting  to  solve  the  stress  distribution  in  the 
cement  joint  for  the  two  limiting  cases,  it  is  necessary  to 
establish  the  loading  on  t!  3 .joint  (See  Figure  3)  ir.  terms 
of  the  near  unit  tensile  stress  on  the  sheet,  in  term!;  of  the 
Joint  geometry . and  in  terms  of  the  physical  characteristic* 
of  the  materials,. 

The  precise  nature  of  this  relationship  is  expressed  in 
the  following  equations* 


JL|£L 


w y K f '.J3(,-vi)- f 


WHtfiC 


r /'3i.Lr_gr7~  4 SL  / p'  ) 

COSH  1 v 2. C v C „l 
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il  be?  sl efu  i-iie  factor  K is  nori’dimensioflC:  i -jnd  is 

dependent  upon  the  sheet  stress,  tho  joint  dimensions  and  \:'r,e 
physic*  i properties  of  the  sheet,  K ia  described  cy  tne 
authors  as  the  Joint  moment  factor-,  Fcjr  any  particular  JMnfc, 
all  values  of  the  Joint  parameter  x pfe  are  fixed  with  the 
exception  of  p*  A graphical  riot  cf  the  relationship  between 
K &~id  \lg~  **  .shown  In  Figure  7<. 
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I he  loads  transmj  tied  by  the  sheet  to  the  edges  of  the 
joint  hsve  been  determined  in  the  preceding  paragraph,  They 
consist  of  a unit  loading  p evenly  distributed  over* the  sheet 
ci\*ss  section,  a bending  moment  (per  unit  of  Joint  s?idth) 
and  & small  transverse  shear  load  V0„  This  transverse  lead 
Y0  will  be  neglected*  It  is  also  assumed  that  the  moment 
Mo  will  impart  linear  stress  distribui:-ion0  This  latter 
assumption  Implies  that  the  Joint  remains  plena  near  the 
edges  of  the  joint*  Tests  on  spot  welded  joints  confirm 
the  validity  of  this  assumption* 

The  problem  therefore  resolves  itself  to  the  solution 
of  the  strain  in  the  mid  plane  of  a wide  rectangular  slab 
of  length  7c  and  thickness  2t  with  loading  as  shown  in 

figure  B* 


Y 


Figure  8 

Diagram  of  joint  with  relatively  inflexible  cement 

layer  K s 1*0 


Tnia  problem  cannot  be  solved  directly?  resort  is  made 
to  s method  of  approximations  which  appears  quite  laberioup. 
and  must  be  solved  for  each  particular  value  of  K„  The 
solution  for  the  case  where  K e*  I is  shewn  graphically  ir 
Figure*  16 o it  should  be  noted  that  for  *vurp cses  of  general- 
ity, the  stresses  ere  presentee  as  a ratio  of  the  sheer  and 
tens! it?  stresses  in  the  adhesive  layer  to  the  applied  unit 
stress  mi  the  sheet  and  that  absissa  Is  presented  as  r,  ratio 
of  the  distance  from  joint  edge  to  the  sheet  thickness 
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Ratio  sheet  thickness 
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Figure  9 

Stress  distribution  along  sheer  ptane  in  joints  with 
relatively  irJTlexible  adhesive  for  K s 1 


The  curves  shown  ir.  Figure  9 confirm  the  fact  that 
very  large  stress  concentrations  are  present  in  the  edges 
of  the  adhesively  bonded  joint*  It  is  very  interesting  to 
note  that  the  tensile  stresses  are  approximately  five  times 
greater  then  that  of  the  shear  stress.  This  explains  why 
shear  lap  joint  specimens  bonded  with  relatively  stiff  adhe- 

sivea  simp  apart  in  t«sioJOu  at  this  trjges*  uauwjf  a 

loadn  It  Is  also  interesting  to  note  that  a small,  change 
in  joint  geometry  might  greatly  reduce  the  magnitude  of  the 
stress  concentration  such  as  filleting  or  beveling  the  edges 
of  the  sheet  on  the  shear  lap  joints  This  is  common  practice 
in  machine  design  for  a solid  homogeneous  material. 
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It  is  recognized  that  the  peak  values  of  the  stresses 
at  the  adhesive  layer  shear  plane  will  change  with  the  factor 
K„  Figure-  10  shows  this  variation  by  plotting  the  maximum 
values  of  the  cement  stress  as  e function  of  K, 


o 


, — us 
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Figure  10 

Maximum  stresses  in  shear  plane  for  joints  with 
relatively  inflexible  cement  layers  plotted  versus 
moment  factor  K 


It  can  be  seen  that  for  a change  in  K,  the  tensile 
stresses  reduce  much  more  rapidly  than  the  shear  strops 
which  remains  relatively  constant „ 

Case  II  Stress  Distribution  ip  Joir^s  fop  Relatively 
flexible  C a l~kave ra „ eor Th is  s naTy si sT~th e f b 1 lowing 
a s sumption's  are'  made.  The  transverse  normal  strain  end  the 
shear  strain  in  the  jointed  sheets  ai*s  negligibly  SiuS  11 
compared  to  the  corresponding  strains  in  the  cement  layer 0 
Assuming  that  the  deformation  of  the  adherends  are  due 
solely  to  the  longitudinal  normal  stress  t it  is  apparent 
that  the  sheets  may  be  tr*-r  ted  as  cylindrical  bent  platen, 
where  as  the  role  played  by  the  adhesivG  layer  is  analogous 
to  that  of  a system  of  infinitesimal  coil  springs  positioned 
between  the  two  plates.  Figure  11  represents  the  profile 
of  the  cemented  joint  showing  the  load  application  in  terms 
of  longitudinal  stress  distributions  on  the  edges,. 
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Equation 
as  a function 


(6) 


fron 
Equatior 


the 

(7/ 


defines  the  variation  of 
to  the  applied  loading 


«p«! 


ths  shear  .stress 
and  the  distance 


center  of  the  joint  for  given  joint  parumsters, 
defines  the  variation  of  the  normal  stress 
referred  to  as  the  tearing  stress;  as  a 
runoxion  oi  cne  applied  loading  ”prt  and  the  distance 

the  center  of  the  joint 0 The  graphical  representation 


n \q n ( sometimes 

of  the  app'* 

from 

of  these  relationships  are  shosn  in  Figure  13  for  given 


conditions 
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Figure  13 

o L f Hi 5 distribution  in  adhesives:  in  joints  with 
relatively  flexible  adhesives  layers 


The  maximum  value  for  both  the  shear  and  the  normal 
stresses  ere  found  st  the  ed£e  of  the  joint „ The  mav.iiaum 
stress  can  therefore  be  given  for  the  value  x ^ en 

for  shear 
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Botn  equations  (6)  and  (9)  can  be  represented  graphl call/  ns 
functions  of  the  parameters  of  the  system.  Figure  14  is  a 
graphical  plot  of  the  maxi mum  shear  stress* 
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Figure  14 

Maximum  shear  stress  in  adhesives  with 
relatively  flexible  adhesive  layers 

Figure  15  is  a graphical  plot  of  the  Maximum  normal 
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Figure  15 

Maximum  tearing  stresses  in  adhesives  in  joints  with  reia 
tively  flexible  adhesive  layers 
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This  theoretical  analysis,  in  its  present  foi'm,  is  far 
too  complex  for  practical  user:*?,,  It  does  serve  to  point  out 
several  interesting  conclusions; 

a „ Very  great  stress  concentrations  exist  at  the 
edges  of  a shear  1st  joints 


b0  Although 
pr edorai na  nt  stress 

is  ccrrooorated  in 


phe  shear  lap  joint  is  in  shear  load,  the 
is  s normal  (tearing)  stress  „ This 
actual  teat. 


Co  One  of  the  me 
lap  joint  is  the  ratio 

->•  »»  -e.  ^ «■*  Jh  VV  .-v  e*  V»  £ **.  !<«•  ^ 


st  important  parameters  of  the  shear 
e/t  which  is  the  ratio  of  the  Joint 
z of  the  sheet  edhe^^nd 


To  demonstrate  the  use  of  these  formulas,  the  following 
hypothetical  example  of  an  aircraft  type  joint  is  analyzed,. 
With  the  adhesive  area  indicated,  this  joint  would  be  expected 
to  fail  at  approximately  125*1#  total  load  and  the  average 
adhesive  stress  at  the  failure  would  be  2000  psi0 


.032 


Figure  16 

Dimensions  of  a typical  lap  joint  test  specimen 


Adhere, id  a,  Stainless  steel 

Adhesive,  a phenolic  polyamide  *004  inches  thick 

Summarizing  the  adhesive  and  adherent?  prooerti.es  using  the 
symbols  defined  on  page  4,  section  3,  we  have 

p » 19  x 10** 
t s =932 
2es  „&>*> 
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Evaluating  the  ratios  -£  , , 5*  and  it  is  apparent 

that  the  following  relationship  holds  which  classes  this 
joint  es  one  in  which  the  assumptions  in  Case  II  hold- 
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Tensile  and  shear  eauatlens  for  Case  II  are 
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V ^ 


Shear  A 4.  , . ' (p  _£.  +3K  + 

c t o / r v 3 a- 
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F ’ a particular  joint,  all  factors  in  the  above  equations 
constant  except  the  terras  involving  X5  therefore  the 
constants  common  to  both  equations  may  be'evaluoted  &£ 
defined  on  page  29. 
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Substituting  these  values  into  the  tensile  and  shear  equations 
and  evaluating  the-  res.einiag  constant  terias,  we  have  •• 


f g&JLhg.  s^aL^sastiaQ 


:0  ~ - 3T5.52  COSH  - 786.0 


For  the  tensile  equation 

Vo  * -*3. 6 48  COSH  A ■£-  coSA-4  ■“  0$3i~&iNti  \-£~ 


Measuring  X from  the  center  of  the  joint  t values  of  Ta  end 
'To  are  computed  and  shown  in  tables  1 end  2 and  are  ,/letted 
graphically  in  Figure  17 -> 


inis  joint  failed  at  an  apparent  shear  stress  of  2000  p,?i 
therefore*  the  average  shear  stress  as  determined  from  the 
shear  stress  distribution  curve  should  ogre*?  closely  with  the 
apparent  shear  stress i 


3* 
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io-  -12(4—7 86  ~ -2.CCC/ss> 

The  average  tensile  stress  may  be  determined  in  like 
manner* 


r0  fs&dJL 


c c 

- 4 ® /cosh  A-i-  cos  A-£dx  - .-^S3K  fc|WH>,A SlttA-fdX 

-A  c c - X c c 


r:  — A-£-C05  4-  COSM  A^-  SjAM-£-| 

- '-2^5.  jcoSM  \&  SlN.ty  - 5!KJMA£  COSA 

rv 

SinhAcosA  + coskA  s/naJ  - £4^6  coshAsiNa-  s*p;«>£.os^J 


c 
o 


r.  - 

A 


--  -^0.9 


(3O77X^^+£W?Xm)|-.0<w^/^«32)-(»r^-^)] 


73.74  ~8c.i5  -S6S9  psi  AVERAGE  TtNCiLt  oTft£S^ 
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TABLE  2 

3Kr AH  STRESS  DISTRIBUTION  IN  A TYPICAL  LAP  JOINT 
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X'X -om  tables  X and  2. 
joint  vras  found  to  be  749* 
these  stresses  occur  in  the 
to  the  plane  of  loading  res 
and  shear  stresses  exist  in 
angle  from  the  plane  of 
values  of  tensile  and  shear 
bined  stress  equations* 


the  shear  stress  at  the  ends  of  the 
pal  and  the  tensile  stress  6420  psi 
plane  of  loading  and  perpendicular 
psctively.  Even  greater  tensile 
the  adhesive  in  planes  at  uCSS 
leading*  Maximum  (and  minimum) 
stresses  may  be  found  using  com- 


Consider  an  element  of  adhesive  at  the  extreme  end  of 
the  Joint  (See  sketch) * The  shear  and  tensile  stresses  In 
the  plane  of  loading  and  perpendicular  to  the  plane  of  loading 
are  represented  by 'To  and respectively*  In  the  subsequent 
uHo 5 . the  iZu* Aimuiit  vdiato  Ox  each  are  x*epresentea  by  iq 
max  and  \Z  max 


/Aa(5  or 


lc>ac;:n« 


ADHSSfVC  ClSHCNT 
CQNeiQKnZC 


Dsing  combined  stress  aquations  to  determine  max,  (and  min.) 
tensile  and  maximum  shear  stresses 

= 8t i0!\/^fW5&F*  '^sor.i0.«x.s 

\n>i.v  c.  v , , r f -«.**  ps."  (vwr.) 


$600  p*i 


The  angle  at  which  the  principal  tensile  stresses  are 
inclined  from  the  axis  nf  lending  is  defined  as 

; J —2  IS  — 1 o*'5S 


tTO-Ti.  2.<j>  — — 1.80  £5 

• -Vo 


Two  values  of  4^  are  possible  corresponding  to  maximum  and 
Minimum  tensile  stresses* 


i ' ^ 


"‘j  rvi 
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7>,  » 30°9  AA6LE  OF  Af/AfWJM  SEE £33 
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The  plane  a of  aaximum  snear  stress  are  defined  as 

/ ^ - 3£.  - Jt£2£?  - rrr 

~ pjfe  “ ~/5760  ~ • 

Again  tiro  values  of  are  possible 

z0=-ae°£  0, - -{4*3!' 


PLAASE  OF  ^ 


?$  = poo0  e: 


&-'/0Ac3/‘ 


It  is  apparent  that  the  planes  of  maximum  shear  ftress  make 
angles  of  45©  -with  the  planes  of  maximum  and  minimum  tensile 
stress*  ^v. 
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Do  Bruyna  indicated  the  existence  of  high  stress  concen- 
trations in  his  experiments  on  shear  lap  loin. 3 In  pulling 
apart  shear  lap  test  specimens  with  varying  overlap,  he  noted 
that  increasin''  the  length  of  overlap  does  not  proportionately 
Increase  the  strength  of  the  Joint,  This  is  sho'tfn  graphically 
in  Figure  l8* 
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Figure  :° 

Breaking  load  as  a function  cf  overlap 


It  was  clear  from  the  preceding  dats  that  the  failing 
stress,  defined  as  the  failing  load  divided  by  the  joint  area, 
is  better  described  as  the  ^rarent  failing  stressa  The  real 
failing  stress  is  much  higher  ttsn  the  apparent  felling  stress 
and  is  riot  uniformly  distributee!  but  is  concentrated  at  the 
ends  of  tne  joints-,  De  Bruyne  concluded  that  the  important 
parameter  in  the  strength  of  a simple  shear  lap  joint  for  a 
given  material  war  the  ratio  of  the  square  root  of  the  thick- 
ness of  the  adherend  to  the  length  of  overlap  which  he  called 
the  joint  factor  A condensed  tabic  of  experimental 

data  for  a shear  lap  joint  bonded  with  redux  adhesive  is  given 
below o 
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Length  of 

Failing 

A ^ 

Description  overlap 

Joint 

load 

fa  ill  t! 

Qt  ...  2q 

factor 

# ♦ 

Bright  mild  steel  0*125 

4,0 

r- 

0*5 

6600 

1/4”  thick  x iM„0 
wide  0.250 

2*0 

1460 

5840 

0*500 

1.0 

2675 

5340 

0*750 

0.67 

3591 

4790 

1*00 

0,50 

4300 

4300 

2.00 

0o25 

4950 

2475 

3,50 

0-14 

5140 

ri  At  fl 

Bright  mild  steel  0*125 

2-82 

867 

6940 

1/8"  thick  x l"cO  0„ 2 50- 

1.41 

1693 

210? 

2229 

6772 

wide  0.375 

0„500 

0.94 

0,71 

5618 

4458 

0.625 

6,57 

2600 

4161 

0.750 

0.47 

3193 

3205 

4291 

1.000 

o„35 

3250 

Aisled  sheet  0„25 

1.46 

1725 

6900 

"*133  thick  x 0.375 

0.9? 

2167 

5770 

wide  0.500 

0.73 

2275 

4550 

0,625 

0.58 

2917 

4660 

0.750 

0*675 

0.49 

3310 

4410 

0..42 

3100 

3545 

1*00 

0.36 

3775 

3725 

Duraluminum  sheet  0,125 

1-65 

712 

5696 

”,0425  x 1".0  0.250 

0.82 

1225 

4900 

wide  0.375 

0,55 

!550 

4143 

0.500 

0.4X 

1800 

*600 

0.675 

0.33 

2075 

3320 

0*750 

Or,  2? 

2109 

2o  1 D 

0,875 

0.24 

2070 

2365 

1.000 

0,21 

2050 

2053 

2*000 

0,10 

2057 

103  ? 

3 c 500 

Or  06 

2050 

585 

♦Average  of  flv«  or  more  readlnp;*;.. 
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A plot  of  the  date  in  Table  i Is  shown  in  Figure  19 
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Figure  19 

Apparent  Unit  Felling  Stress  ao  a function  of 

Joint  Factor 


It  will  be  saen  that  the  data  all  fall  reasonably  well 
on  a single  curve*  This  curve  ha.-  two  points  of  interest: 


a*  At  joint  factor  between  0 and  0*3,  the  apparent  fail- 
ing stress  is  directly  proportional  to  the  joint  factor  and 
is  given  by  the  relation  ~ 

5^  — iOS.%0 

t>  At  high  values  of  the  joint  factor.  S3  asymptotically 
approaches  a vslu©  of  5910  psi*  Thus  with  a small  overlap,  a 
very  high  apparent  failing  stress  is  obtained  because  in  these 
circumstances,  it  approximates  the  true  falling  stress  . 


In  order  to  minimize  the  effects  of  differential  strains 
on  the  Adhesively  bonded  joint.  D®  Brayne  decided  to  bevel 
th«  square  ones  of  the  shear  lap  joint*  This  was  verified  by 


P»  77  At*  I Y> 
U*C*  f 


*•«#••>  n.  W - 4k  « ti  ll  t in  A ^ r>n  A A M T f»  **  A O 7*  ►*.  t»1  7 

Ip  XS  O V y (91  I i’-l  W IU  1 4(1  11  UNO  JL  UO  X CO  OC  \J  X >.*>  U 1 0**f.  Oil  Tf  X V*1  O 1 

linear  it.  is  a considerable  improvement  over  the  curve  given 
by  sh  unmodified  shear  lap  joint*  A typical  cross-sec  cion  of 
a bevelled  shear  lap  joint  is  shown  in  Figure  20* 
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Figure  20 

Bevelled  shear  lap  joint 

In  Table  condensed  test  data  on  the  strength  of  a 
bAVftVSort  <^h«or  '.op  joint  are  nreserttodU 

TABLE  4 

Bevelled  Lap  Joints  =•  Redux  bonded 


Description 

Ta4  rf 

^i4  U V»  ,4-  i % U 

Length  of 

Overlap 

2*=* 



♦Failing  load 
# 

Apparent 

lulling  stress 
v>ni 

Steel  1/4"  thick  0,50 

2966 

5932 

X 1"<,0  wide 

1„00 

4675 

4675 

1.50 

7283 

4850 

2,00 

9291 

4648 

3.5 

13533 

3370 

♦Average  of  6 -specimens 

A plot  of  the  data  is  shown  in  Figure  21  and  for  comparison 
tne  equivalent  curve  for  a non=-bevelled  shear  lap  joint  is  also 
shown  j 
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Figure  21 

Breaking  load,  overlap  relationship  for  bevelled  8c  plain  lap  joint 
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This  leed  Ds  Bruyne  to  the  conclusion  that  the 
of  Joint  is  a bevelled  or  a scarf  Joint, 


% f*  r*  4- 
O y o v 


type 


To  qualitatively  illustrate  that  variation  in  stress 
distributions  exist  in  a butt  Joint  under  tension,  consider 
the  simplest  case  of  adhesively  bonded  tensile  specimen  of 
circular  cross- section  acted  upon  by  uniformly  distributed 
loading G tM- 


Figure  22 

Tensile  specimen  under  uniformly  appii'-' 
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P 

d 
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v 


uniformly  distributed  loading  psi 
»1ia,  of  tensile  specimen  inches 
adhesive  larger  thickness  inches 
Length  of  tensile  specimen 
Young's  Modulus  of  the  Adherend  psi 


u s Poisson® s rptio  for  the  aaherend 
Er  * 

U*  sc 

Ex* 


Young5 s Modulus  of  the  Adhesive  psi 
Poisson''s  retio  for  the  adhesive 
Unit  Strain  (Adherend)  in/in 
Unit  Strain  (Adhesive)  In/In 


Ey* 

EJy&- 


.5 


Transverse  unit  strain  (Adherend)  in/in 
Transverse  unit  Strain  ( Adhesive ) in/in 
Max,  later* 3 contraction  of  adhesive  to  sdher 


ounce  p is  tiie  urliicidaxy  uiStriuUted  xuau. 
specimen,  acting  over  the  entire  cross-section,  it  can  be 
considered  as  the  tensile  stress  acting  on  that  speulm- m 
The  unit  strain  in  the  adhesive  is 


.rig  Oil  < 
it  con 


A - 


£> 


(1) 


*5 
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the  unit  transverse  strain  on  the  adherend  is 

“ y A e 

the  unit  strain  on  the  adhesive  is 

<ru  -4-. 

A £' 

the  unit  transverse  strain  on  the  adhesive  is 


/— / / D 

£y  - -M  - i=r 


^ 1 ■ ■*  - 4 * TTH  T>n  **  »r 5 

UAiitiUiiVU  *Ji4  vi  UU^  W V4 

and  the  adhesive  ia 


^ *5  •>  V*  <->  4- **- *-t  *■>  *«,  ■♦•W  «•!  V%  gy 

W A A,  fc  i Ik  w w •>  w w • • — - . ^ . H ' 


f'y  ~£y  = -■*  '# -(--“f>p(^-  - #-:y  ' 5) 

From  equations  5,  we  can  note  that  if  wide  dissimilarities 
exist  between  the  u/E  ratios  of  the  adherend  to  the  adhesive, 
then  there  would  be  a substantial  difference  in  the  lateral 

unit  strain  contractions  cf  the  adhesive  as  compared  to  the 
adherend,  independent  of  the  length  of  the  specimen  or  t;.a 

thickness  of  the  a<ihesivea  Assuming  symmetry,  the  n.aximom 
lateral  contraction  of  the  adhesive  as  compared  to  the  adhez*end 
would  be 


• J **  ^ (~J='  "*  ~£T*)  ^ 

Assuming,  for  the  moment,  no  restraint  in  shear  was 
offered  to  the  adhesive  at  the  adhesive -adherend  interface, 
than  the  deformations  cf  the  adherends  and  the  adhesive  would 
result  in  the  following  exaggerated  diagram* 

mi!  r 


f) 
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Shear  resistance,  at  the  interface,  is  present  and 
consequently  the  deformation  of  the  adhesive  at  the  free  bourd~ 
ary  edge  would  be  expected  to  be  as  follows* 


FREE  BOUmARY 


reg/on  of  shear  stress  comma 

WITH  TF/VS/LF  STRESS 

RE6fON  Or  TENS  HE  STRESS  COMBMZO 
\A/f  ry  unnp\A/j 


■» 


M 


We  can  therefore  deduce  that,  although  a uniform  loading 
was  imposed  on  the  tensile  specimen,  a state  of  combined  or 
bi-axial  stress  exists  at  the  free  ooundary  edge  of  the  adhe- 
sive and  that  the  stress  state  there  is  greater  in  magnitude 
than  the  average  tensile  stress  over  the  cross-sectional  area 
of  the  sneoimeru 

The  analytical  solution  for  the  stress  distribution  in 
the  adhesive  of  an  adhesively  bonded  tensile  specimen  with 
circular  cress- section  has  not  been  published.  It  is  hoped 
that  this  qualitative  discussion  will  serve  to  acquaint  design 
engineers  with  the  problems  attendant  upon  their  use* 


?h?  Phoolcry  Polymers 

The  strain  under  stress  of  an  imperfectly  elastic  solid 
is  governed  not  only  by  the  magnitude  anl  direction  of  the 
stress  and  the  temperature  of  the  material i but  also  upon  the 
ourailon  of  the  stress  and  the  previous  history  of  the  material, 
Thus,  for  example,  a !juri'ile  ori  — warm  dsv  v?ill  bend  snd  ssg 
efc  a steady  but  imperceptible  rate  under  the  steady  influence 
of  gravity..  If  one  attempts  to  straighten  the  candle  in.  a 
short  time  it  will  break  in  brittle  fracture.  However , if 
hung  by  the  wick  in  a warm  place  the  candle  will  straighten 
in  due  time  without  fracture.  Again,  if  a flat  strip  cf 
polymethyl  methacrylate  plastic  is  warmed  in  hot  water  it  may 
be  twisted  and  bent  into  intricate  shapes,.  If  held  in  an  odd 


4? 
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•Sr* 


shape  and  allowed  to  cool  to  room  temperature,  the  strip  will 
become  rigid  and  retian  the  deformation  for  an  indefinite 
period.  If  t'ne  deformed  strip  is  thrown  back  into  the  hot 
water  it  will  "remember"  it?  original  flat  shape  and  straighten 
out  through  the  relief  of  its  internal  stresses  without  the 
application  of  external  stress,  lastly,  if  a piece  of  metha- 
crylate is  clamped  under  a known  deformation  for  a period  of 
time  it  is  found  that  the  stress  is  ^educed  progressively  with 
time  and  when  released,  requires  time  to  recover  substantially 
»11  of  its  original  dimensions. 

The  strength  of  a material  or,  more  exactly,  the  critical 
value  n£  the  stress  at  which  fracture  occurs  is  not  only  by 
me  direction  of  stress  and  the  tempera  lure  of  the  malarial  but 
also  fcy  the  duration  of  the  stress  and  the  previous  history 
of  the  material*  Thus  for  example  the  strength  observed  when 
a strip  of  polymethylmethacrylate  is  loaded  to  its  critical 
value  in  less  than  a second  Is  twice  that  of  observed  when  the 
strip  is  loaded  in  an  hour.  Again,  a strip  of  the  same  material 
which  has  a history  of  stress  and/or  environmental  degradation  ^ 
is  weaker  at  any  given  strain  rate  than  a similar  strip  cf  new 
mtp.x-j.hlu 

Adhesive  bonds  exhibit  these  effects.  The  dimensional 
changes  resulting  from  protracted  loading  are  not  of  great 
significance  in  ordinary  engineering  applications,  but  nay  be 
important  if  the  adhesive  is  to  be  relied  upon  to  position 
an  instrument  within  precise  tolerances.  The  reduction  of 
strength  of  an  adhesive  due  to  previous  history  of  protracted 
loading  may  not  be  important  in  the  instrument  but  may  be 
important  in  a structural  application  in  which  great  reliance 
is  to  be  placed  on  the  structure  after  a history  of  storage, 
transportation  and  protracted  loading*  Figure  23  shows  the 
'critical  value  of  the  load  as  affected  by  time  in  adhesive 
bond:;  and  riveted  joints  in  thin  gauge  aluminum  sheet 


As  a background  for  the  engineer 7 some  elementary  aspects 
of  rheology,  the  study  of  the  deformation  or  flow  of  tatter 
under  load  is  presented  here.  The  fundamental  goal  of 
rheology  is  to  describe  the  behavior  of  materials  in  terms 


wc  wl  r»h  I 

1 liU*  VU  1 i tJ» 


-4k.  V %J  4 


©f  o r 
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The  two  extremes  in  rheo logical  behavior  are  the  ideal  or 
Newtonian  liquid,  which  extremes  can  be  handled  by  the  engineer 
using  well  known  equations*  However,  the  mathematical  descrip- 
tion of  the  behavior  of  intermediate  substances  Is  more  complex 
and  aiicreraing  attention  is  being  focused  or.  the  preblen  (1), 
(2), 


* 


(1)  A,  Nadai  "Theory  of  Flow  and  Fracture  of  Solids*,'  HcGrsw-Hili 

(2)  W.,  Prager  -"Theory  of  Perfectly  Plastic  Solids',’  John  Wiley 
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*G  rem  static  shear  strength  or  riveted  and 

CYCLE  WELDED  JO/ NTS 
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NUMBER  Of  Nam  TO  f RAC  TORE 


SHORT  TOM  STATIC  STRENGTH  Of  RITE /ED  SINGLE  LAP 

SHEAR  JOINTS 1370  TO  >600  PS  l 

SHORT  term  STATIC  STRENGTH  Of  BONDED  SINGLE  LAP  CYC'S  ~ 
WELDED  JOINTS  - - E020  TO  3+TO  PS'  AT  TEPf 

/EDO  TO  £6  A OPS  AT  iSCTf 

Pate  or  loading  tor  short  7 erm  specimens  so  tv  do  sec 


Figure  23 
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(1)  Array  Air  Forcea  Material  Center * "Tirae-Fracture  Teats  of 
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An  important  phenomenon  associated  with  time  and 
temperature  o x p iastic  or  visco-elastic  materials  are  creep 
and  relaxation  effects „ Creep  is  the  continued  deforms tion 
of  a material  under  a constant  stress,  Relaxation  is  the 
process  of  stress  readjustment  in  a plastic  material  under  a 
condition  of  constant  strain  differentials.  Both  of  these 
properties  are  functions  of  tine,. 


MATHEMATICAL  DESCRIPTION  OF  RELAXATION  AND  CREEP 

If  ft  body  is  ideally  elastic,  the  stress  strain  relation 
is  a constant  and  it  may  be  expressed  in  the  form 

Ilf-* 


£ x nrnt  Sbztw 
0 ^ un't  fertile  sbnss 

-b*  fame. 


where  if  s body 

<*#■"»  1*  -0*  **  r*  ra  f- 

Wvtiw  VUt<  V —i  Vo  V tu>  k' 


possesses  viscosity, 
is  given  by 


the  rate  cf  flow  or 


d£  _ SO 


dt  r\ 


where  n ; viscosity. 


Wu  may,  at  this  time 
for  viscosity  end  elastic! 
the  elastic  element  and  a dashpet  as  the  viscous  element. 
If  the  system  is  placed  in  series,  the  combination  is  fre- 
quently called  a Maxwell  unit.  Such  an  arranpement  is  as 
follows i 


introduce  a mechanical  analogy 
by  assuming  a steel  sprinp  as 


— O" 


In  this  case. 


or 


the  rate  of  flow  is 


JEL 

Tt 


siS L = c s iL  . „Jt 
<it  L dt  A 


" • ■ - 


- — ; . r*  r4,.-< 


*-  jw$T&atak «■ 
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whfijr  a 


A= 


(ratio  of  elastic  modulus  in  pension  or  compression  to  coef- 
ficient of  viscosity).  The  analagous  equation  for  shear  stress 


where 


A'=  -> 


V-  unit  shear  strain 


$*  unit  shear  stress 
S * •shear  Modulus 


When  the  pair  of  element s ere  placed  in  parallel* 
arrangement  will  be  as  follows: 

i 


Any  deformation  takea  place  equally  and  simultaneously  in  the 
spring  and  the  daahpotc  Mechanically,  this  system  behave9 
like  a retarded  steel  spring.  This  combination  is  called  a 
Vogt  Unit  and  accounts  for  the  stress-etra? ^ relationship 
being  a function  of  rate  of  leading. 


RELAXATION  AND  CHEEP  (SERIES  OP.  MAXWELL  UNIT) 

If  s Maxwell  unit  is  given  a certain  strain  that  is 
initially  rapidly  applied  but  then  held  constant,  the  deform- 
ation will  originally  occur  almost  entirely  in  the  spring 
but,  in  time,  flow  will  take  place  in  the  viscous  element 
v the  pi  £ ton  moves j end  the  load  on  the  spring  (stress)  will  he 
gradually  dissipated.  Since  in  this  case  <>  is  held  constant 
-=-0  ana  _d£_  cr 

^.V  A 

Integrating  and  assuming  an  initial  stress  the  equation 

«.*  V W ifcA  v »j  T A 

P-T-*  JA 


This  is  the  equation  of  "relaxation”  and  the  relaxation  time 
A is  the  time  necessary  to  reduce  the  initial  stress  to  -£■ 
of  its  original  value  where  e « 2.718.  At  infinite  tine, 
none  of  the  original  stress  will  remain. 


- i tfM  »W1 


4 k H'iH? k.£',  tils  l.4,  t , 
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Consider  the  series  combine tion  at  constant  stress* 
In  this  case,  we  let  ®^p*oa»nd  therefor© 

d£u.  - ..iH. 
dt  r\ 


Integrate  and  for  initial  conditions,  whsni*o,  assume  an  initial 
strain r The  flow  (creep)  curve  becomes 


Let 


(constant  called 


creep  rate)  therefore 


f 

\ 


RELAXATION.  CREEP,  ELASTIC  MEMORY 
PARALLEL  COMBINATION  OR  VOGT  UNIT) 


if  a Vogt  unit  is  given  a stress  with  the  aim  of  achieving 
a particular  strain,  the  stress  required  to  achieve  that  strain 
will  depend  upon  tho  rate  of  deformation.  In  any  case,  one* 
the  desired  strain  is  achieved,  the  stress  la  constant  at  tie 
vaiuo  o It  is  evident  that  this  system  does  r.ot  provide 
for  any  relaxation  mechanism  under  constant  strain.  For  when 
the  elastic  and  viscous  elements  are  in  parallel,  each  element 
takes  its  share  oi  tne  load.  However,  the  load  carrying  capacity 
of  the  viscous  element  is  a function  of  the  rate  of  change 
of  the  strain*  As  the  strain  rate  stops  (after  the  stress  be- 
comes constant)  the  load  is  gradually  transferred  from  the 
viscous  element  to  the  elastic  element  thus  storing  energy 
in  the  elastic  element.  The  load  carrying  ability  of  the 
parallel  combination  is  given  as 


£6  + 


Integrating,  we  get 


n dt- 


fr,  pr-  £■£)= 


For  the  evaluation  of  the  constant  o,  we  rcust  visualise  the 

physical  picture  of  the  stressed  Vogt.  Unit*  After  the  load 


1 4 .^.3  t 5 

X o Q !U  L/.i.l'J'w  i Ckk  <s 


<»*  A ^1  «n  At 

L CU1Q  XlltJ  V-Uilk)  LCitltj 


» • - J 

loading  is  gradually  shifted  from  the  viscous  element  to  the 
elastic  element  . The  time  v * o is  referred  to  the*  point  when 
the  load  starts  shifting  * 


when  t -o  j £ ~ £0 


C * In  (r~££0) 


52 


t * .!*  4C 


r’AVORD  Report  22?? 


the  complete  equation  begcaes 

T-K  =(tr-E£o}a  n c 


recalling  that  for  an  elastic  dtfonsatlon 


Substitute 


c = £ 

~e  t 


/* 

c. 


/* 

'C 


pv  A~ 

•f  (i-e 


n 

T; 


We  must  note  that  f is  the  3 train  after  a time  referred  to 
the  strained  condition  Sq  - To  refer  the  strain  to  the  o?ig« 
Inal  unstrained  condition*,  let 

£«=  £o~e 

where  <£^  * residual  strain  present 

The  physical  significance  of  this  is  quite  clear.  After  a 
stress  is  appliad  to  a Vogt  Unit,  the  shifting  of  load  from  the 
viscous  to  elastic  element  which' stores  energy  and  thus  tries 
to  restore  the  element  back  to  the  original  position  when  the 
load  is  removed*  The  degree  to  which  this  can  be  accomplished 
is  a function  of  i and  of  the  constant  A . This  phenomenon 
of  partial  elastic  recovery  is  known  as  elastic  memory  and  is 
involved  in  the  mechanical  behavior  of  roost  high  polymers* 
Equation  points  out  that  at  an  infinite  tiroe9  there  should  be 
complete  recovery* 


The  Maxwell  end  the  Vogt  Unit  may  he  set  up  in  any  series 
parallel  arrangement  to  describe  and  explain  the  behavior  of 
many  v5  s$o -elastic  materials.  These  combinations  may  become 
increasingly  complex*  It  should  be  noted  that  the  t©ra 4^1-5 
an  important  parameter  in  all  the  euq&tlons.  This  essentially 
is  the  ratio  of  the  action  time  to  the  relaxation  time  for  the 
material*  The  larger  this  ratio*  the  leas  the  relaxation  and 
the  more  elastic  the  behavior,  Conversely,  the  smaller  this 
ratio,  the  less  elastic  and  the  more  viscous  the  behavior 


J 

*1 


MECHANICAL  BEHAVIOR  OF  HIGH  POLYMERS 

To  illus crate  the  preceding  discussion,  consider  a curve 
typical  cf  those  obtained  experimentally  for  the  initial  flow 
and  relaxation  of  many  plasties*  This  carve,  as  shewn  in 
Figure  24,  is  obtained  by  applying  a load  co  a specimen  maint~ 
aining  the  load  at  a constant  level  for  a definite  period,  and 
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then  reaving  the  load* 


f 

i 

» 

I 

i 

1 


tfwe 


St  run 


Figure  24 

initial  cycle  of  r»*oep  and  E3astie  Memory 
typical  of  many  plenties 


^4 

i 


On  application  cf  the  stress  there  is  an  instantaneous  deforma- 
tion OA,  "Ills  is  followed  by  creep  from  A to  E,  On  removal 
of  stress  st  time  t„  an  Instantaneous  partial  recovery  takes 
place  BCy  followed  by  a creep  recovery  (elastic  memory)  from 
Zj  to  D at  time  ££*  Further  recovery  after  time  is  so 
slight  as  to  be  negligible*  DE  representing  a permanent 
deformation  left,  at  the  end  of  the  loading  cycle*  It  is 
profitable  to  attempt  to  use  a mechanical  model  to  explain 
this  behavior*  A suitable  monel  may  be  composed  of  elastic 
and  viscous  elements  acting  in  series  end  parallel. 
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Or/S77?TSS£k)  5 trfsscd 

(t„)  (t.) 


Figure  25 

Elastic  and  viscous  elpments  acting  in  series  and 

Iri  parallel 


Obviously,  the  creep  AB  Is  composed  of  two  component sy 
which  become  distinguishable  only  during  creep  recovery  Th« 
elastic  component  of  the  creep  (in  the  parallel  circuit) 

is  termed  primary  creep  and  is  recoverable  Primary  creep  is 
retarded*  The  non-recoverable  component  (CgC*^  DE)  is  termed 
secondary  creap<, 

Let  us  consider  the  case  of  e constant  strain  applied  to 
tne  specimen  and  then  suddenly  forced  back  to  its  foimer 
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posit}  or;&  The  strain  diagram  would  be  as  shown  .in  Figux*e  26 


a min, 


r ima 


— i — >•  rf-* 

ilTC3-i 


reia*d4i$r* 


yfrstdual  sfess 


^ 0 f 


1 trr*z 


rs4 

- «.  I*,  • - - V ft-  -W 


6 train-- -time  relationship  typical  of  assay  plastics 

In  this:  case,  a given  strain  is  applied  in  the  specimen  at 
t0  and  held  constant  until  -i^r.  During  this  period,,  the 
»tr<&a?  in  the  model  has  reduced  from  A tr.  Ba  To  return  the 
specimen  to  its  origins!  position,  a negative  load  must,  be 
aprlic  to  the  specimen  C-Cp*  However^  this  load  aiso  relaxes 
as  a f* .....;ticn  of  tine  and*ar,  tg,  a sraaJt!  residual  stress  may 
exist,  To  illustrate  by  the  mechanical  rrode.l , examine 
Figure  27- 

The  foregoing  has  dealt  with  the  behavior  of  visco- 
elastic substances  with  regard  to  their  deformation  unr er 
constant  stress,  or  t'nelr  relaxation  of  stress  under  constant 
deforms  t ion  The  picture  ts  even  sivre  ccmplioates  if  neither 

the  stress  nor  the  deformation  Is  cons  tart  but  Is  a function 
of  tire 


Rheology  is  not  sufficiently  advanced  to  be  of  much 
help  quantitatively  in  these  complex  situations,  however,  an 
understanding  of  the  advances  to  date  in  this  field  will  no 
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Figure  27 

Elastic  and  viscous  elements  acting  in  series  and  in 

»ara lie X- constant  strain 


doubt  be  of  assistance  to  the  engineer  in  visualizing  the 
possibilities  whs th  he  may  encounter  In  employing  viscoelastic 
substance:?  ir*  engineering  applications 


An  uncured  adhesive  during  the  bonding  process  takes  th« 

yt~~  ./,f  , , *1  j . . - -■»  JJ  p 4 i- 1.  w V.  ..  rt  r ( ^ »t.  "J..X4  ^ ? _ Ttr^  - - • ^ - o .. 

through  'j-ages  of  increasing  viscosity,  gelation  and  solid- 
ification, approaching  but  never  attaining  the  properties  of  a 
Hook lan  solid  to  a degree  depending  on  its  composition* 
temrerature  and  the  completeness  of  any  chemical  reactions  in- 
volved, thus  exhibiting  in  various  stages  of  the  development  of 
the  bond  rheological  properties,.  It  is  certainly  not  valid  to 


••  — A*  iVttfcl 
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treat  5 thermoplastic  adhesive,  and  probably  not  valid  to 
treat  some  of  the  most  cross-linked  typos  of  thermosetting 
adhesive,  as  n Kook  is  r.  solid,.  Rather,  it  is  necessary  to  keep 
in  mind  the  viscoelastic  properties  of  these  substances  and  to 
apply  the  principles  of  rheology  wherever  possible 


Strength  is  a measure  of  the  resistance  of  a material 
to  fracture.,  In  a loess  usage  strength  denotes  the  stress 
at  which  the  material  "fails-  either  by  fracture  or  by  plastic 
deformation.  However,  the  stress  at  which  plastic  deformation 
takes  place  should  be  called  the  yield  stress.  Here  w©  are 
cou««rfieti  with  Lht?  critical  value  of  sLawos  at  whioli  f a‘c* otur G 
occurs. 


Fracture  is  not  one  single  physical  phenomenon;  there  are 
several  essentially  different  processes  that  may  lead  to  the 
failure  of  a body  by  the  action  of  mechanical  forces,  The  same 
material  fell  with  different  mechanisms  of  fracture  according 
to  the  stress  and  strain  conditions,  strain  rate  and  to  the 
temperature;  thus  a polystyrene  may  show  brittle  fracture  at 
low  temperatures  and  rupture  oy  molecular  sliding  at  .cipher 
temperatures,  "Bouncing  putty",  a silicone  polymer,  appear.* 
to  fail  by  fibrous  fracture  at  high  strain  rotes  and  to  ruptur . 
by  molecular  sliding  or  viscous  flow  at  low  strain  rates. 

Attempts  to  characterize  fracture  mechanisms  in  neat  cate- 
gories appear  rot  to  have  been  very  profitable  from  the  engineers* 
point  of  view,  the  mechanisms  apparently  overlapping  each  other 
in  degrees  depending  upon  subtle  differences  in  the  condition 
of  the  materials  and  of  the  tests  * With  plastic  materials  the 
fracture  condition  involves  the  entire  strain  history  in 
addition  to  the  principal  stresses.  Under  tricxial  stress  the 
fracture  condition  will,  in  genera involve  all  principal 
stresses  and  (if  the  material  is  orthotropic}  the  orientation 
of  the  principal  «xes0  Nothing  is  known  about  the  mechanisms 
of  fracture  of  adhesives  in  thin  layers.  It  is  therefore, 
best  without  further  ado  to  go  on  to  the  statistical  aspects 
of  the  subject c 

It  is  a truism,  of  which  the  mathematical  Implications 
sre  of  no  little  interest,  that  the  strength  of  a chain  is 
that  of  its  weakest  linko  It  might  also  bs,  a truism  that 
the  strength  of  & bundle  of  chains  is  that  of  the  strongest 
chain*  In  the  first  case  the  formulation  o*  the  problem 
becomes  that  cf  the  statist} cal  distribution  of  smallest 
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values  in  samples  of  sis*  n where  n :3s  the  number  of  links.. 

In  the  second  ease  the  problem  bGoomcs  that  of  the  statistical 
distribution  of  extreme  ya^ne*  in  samples  of  sire  n*  7/bere  n 
is  the  number  of  chains*'^ 

Griffith^)  assumed  that  the  discrepancy  between  theo- 
retically rtsti&ated  values  of  tensile  strength  of  glass  was  due 
tc  the  presence  of  very  small  cracks  or  other  flans  around 
which  « strong  stress  concentration  ercse  when  the  glass  was 
streteh€*d  0 fie  shewed  that  the  observed  ten3i  Xe  stress  may  be 
increased  by  removing  or  making  ineffective  the  most  dangerous 
cracks,  having  tested  freshly  drawn  class  reds  which  showed 
tensile  strengths  up  to  10"  psi  whereas  after  a few  hpups  the 
rods  showed  ®t^onPths  in  th<*  order  of  in?  osi  „ Joffe'*'  tried 
to  eliminate  surface  cracks  on  sodium  chloride  crystals  by 
diasa lying  the  surface  in  warm  water  during  the  test,  and 
claimed  strengths  in  the  wet  crystal  times  greater  than 
that  of  the  dry  crystal,  0rowan(5)  tested  sheets  of  mica, 
making  the  edge  stress  free  by  using  grips  narrower  than  the 
width  of  the  lamella,  so  that  only  the  central  part  of  the 
lamella  was  under  stress,  thus  avoiding  stressing  any  edge 
cracks,  and  obtained  values  ten  time?  that  normally  reported 

Xb  ft*i 

> V *-  — » *>v>  i 

According  to  the  theory  of  the  statistical  distribution 
of  the  smallest  values  in  samples  of  sire  n where  n is  the  number 
of  flaws.  ana  assuming  a Gaussian  distribution'”' 


- e*p 


JULzSL 

a* r*- 


most  probable  value  of  the  smallest  value 
r-  U-<7  (\/akxq  n -f*  ■- j 


equal  to 


the  distribution  of  smallest  values,  where  n is  large, 


VP&fti, 


X ~U-T{  'Mbw  4- 

where  u ?.  arithmetic  mean  strength 
<r  - standard  deviation 
n - number  or  flaws 


£ s iiF(%)  x prouauiii  c.y  uensny  A. unction 

It  may  be  oeen  that, the  most  probable  value  decreases  as  a 
multiple  of  (log  nj'fc,  and  the  variance  decreases  as  n increases 
and  is  equal  to  vv^'dlcg  nc « A typical  set  of  curves  accord- 
3 ng  to  this  distribution  for  u - 2 0,000>;  v's  1000,  end 
n 10,100}  1000  is  shown  in  Figure  26.,’  It  Is  to  be  noted 


probability  density  "ilnCtiofi 
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that 


these 


particularly  those  in  which  n is  relatively 


small,  are  skewed  to  the  left.  Compare  the  shape  of  these 
curves  *i  th  the  histogram  for  ninety -six  tensile  adhesion 
tests  on  a polyester  resin  acting  as  an  adhesive  between  alum- 
inum surface?  in  Figure  27,  It  may  be  observed  that  the  adhe- 
sive tensile  strength  histogram  is  skewed  slightly,  if  at  all, 
to  the  left,  indicating,  according  to  the  above,  that  we  are 
dealing  with  a fairly  large  number  of  flaws  in  a tensile  bond, 
A acre  strongly  skewed  histogram  for  twenty-  nix  single  lap 
adhesive  Joints  containing  a thermoplastic  adhesive  is  shown 
in  Figure  28,  We  may speculate  that  the  lesser  number  of  flaws 
exhibited  by  this  set  of  lap  Joints  as  compared  to  the  number 
of  flaws  In  the  set  of  tensile Joints  may  be  explained  on  the 
statement  or  Go  land  and  Reissner  that  fracture  of  a lap 
specimen  may  oe  expected  to  start  at  the  edges  of  overlap. 
Thus*  if  flaws  are  distributed  at  random  throughout  the  volume 


— - — ^ <•  »»  **  A Vfc  „ • M •«  V»  A «■  4 M A All>  A W>  A «»  mU  A M V,  «M  t?  A A Vt  4 <♦*  A 
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to  low  values  in  & tensile  specimen  should  exceed  the  number 
at  the  edges  of  a lap  specimen. 


'fime  has  not  permitted  the  authors  to  investigate  the 
theory  of  flaws  beyond  these  elementary  and  uncertain  specula- 
tions, nor  does  the  theory  explain  t!*e  nature  of  the  flaws. 
However,  the  skewness  of  histograms  is  a common  observation  in 
the  strength  of  a variety  of  materials  and  should  be  studied 
further. 

Assuming  a normal  (not  skewed)  distribution  of  values 
the  theory  of  statistics  provides  a measure  of  the  reliability 
of  a structure  which  is  of  immediate  value  in  the  design 
process.  If  we  assume  that  «n  accidental  error  is  the  alge- 
braic  sum  of  an  infinite  number  of  elements!  errors,  each  of 
which  is  likely  tc  be  positive  as  ’reil  as  negative,  it  can  be 
shown  that  for  a very  large  number  of  measurements*  which  con- 
tain only  accidental  errors,  the  error  will  follow ’the  normal 
distribution  on  Gaussian  distribution  law 


where 
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exp- 


- value  oi  an  eri’oi  (the  dif Terence  between  the  observed 


i w n w i 4-  if*\ 
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y x the  probability  of  occurrence  of  an  error  cf  magnitude 
x 

qp  ; constant  associated  with  the  particular  net  of  observe 
tions  in  question  known  ns  the  standard  deviation 
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Mechanical  Spreader  Used  at  50%  Ha  H*  and  77°  F 
Dried  with  Zj.0  psi  at  77°  F0 
Aged  14  days  at  li|0°  F, 


Figure  30 

Distribution  c>*  strengths  of  si nple  lap  joints 
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The  graphical  representation  of  this  equation  is  the 
familiar  normal  frequency  distribution  curve; 


t 

i 


From  the  frequency  distribution  curve,  we  may  deduce 
the  following  information: 

a*  The  area  under  the  curve  is  unity,  expressing  the 
condition  that  *11  error*  or  deviations  lie  between  ■>  oo 
and  /■  dO  and  that  the  total  sum  cf  all  the  probabilities  is 
equal  to  100$-, 

b0  When  x - o,  yx  s tt/fit  where  f is  a characteristic 
of  the  particular  set  of  measurements,.  If  another  set  of 
measurements  are  taken  and  results  in  curve  II,  it  becomes 
evident  that  this  curve  has  e higher  probability  for 
accuracy..  Therefore,  the  constsnt  of  the  set  of  measure- 
ments VT  may  be  looked  upon  as  an  index  of  precision  or  the 
scatter  of  the  measurements*  The  smaller  the  value  of  the 
standard  deviation  yr' , the  smaller  the  scatter  in  the 
observed  values* 

On  the  basis  of  the^normal .frequency  law,  if  a large 
number  of  n measurements  X,  5T, , 1,  f-i" " * a ^ arc  taken,  all 
with  equal  skill  and  care  of  a quantity  X , the  most 
probable  value  of  the  quantity  is  the  arithmetic  mean 
of  all  measurements,  Expressed  mathematically 

* - 1 X*  f.Krt  " " Xn 

n 

Expressed  graphically,  the  mean  or  average  value  is 
the  symmetrical  axis  cf  the  normal  frequency  distribution 
curve*  The  moan  value  is  useful  in  establishing  the  average 
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valfc*  of  a set  of  measurements  but  tt  gives  no  Indict. tier, 
of  the  relative  distribution  of  the  measurements  with  respect 
to  the  mean  value.  This  is  the  function  of  the  standard 
deviation*  The  Standard  Deviation  is  given  by 

±AXorfaY 

V n - 1 

The  standard  deviation  has  a useful  property  Ir  that 
any  proportion  of  the  standard  deviation  used  as  the  upper 
and  lower  limits  of  the  probability  curve  defines  a definite 
area  uf  that  curve  between  the  limits*  Since  the  area  under 
curve  between  limits  is  the  measure  of  t^e  probability  of  a 
measurement  recurring  between  those  limits,  the  standard 

•devic'vion  the?efri'T,#1  i g « snra  r*f  th«  t<pi  n tv  that 

can  be  expected  fer’a  measurement  to  fall  between  certain 
values.  To  illustrate,  assume  a statistically  accurate 
probability  eurve  with  one  standard  deviation  as  the  upper 
and  lower  limit.  This  as  follows: 


The  area  in  question  has  been  cross-hatched * Geometrically, 
the  points  of  inflection  of  the  curve  occur  at  distances  hf 
from  the  axis 


Since  the  total  ores  under  the  curve  (from  -re o to -ecu 
is  equal  to  unity  (sura  of  all  the  probabilities),  the _ area 
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»«  **  A ^ A f I 4 i 
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(-•  A \ :■  f\  Itl’Mf 

I a j.  .t  o -i'a  * .j 


be  68,3$  of  the  total  area-  This  holds  true  for  any  propor- 
tion ,-»?  the  standard  deviation-.  The  nrobabi  lit.v  that  a 


measured  quantity  will  full  between  limits  about  a mean  value; 
the  limits  being  defined  by  the  standard  deviation  times 
a constant  n is  as  follows: 


An 
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Multiples  of  the 
’S'^endard  Deviation 
n 

0o5 

1,0 

1.5 

2,0 

2.5 

3o0 


Probability  (area  under  curve;. 


w 


3b,  30 
68*26 
86t64 
95.  54 
96,76 
99^74 


As  a rule,  a designer  is  not  interested  in  the  upper 
limits  (mas*  strength  values)  but  only  in  the  lower  Halts 
(min,  strength  value®)*  He  \ < nrlne? pally  concerned  with 
the  probability  that  a strength  value  will  exceed  a certain 
minimum.  The  probability  that  a given  measurement  will 


exceed  a minimum  value 


( if . «.  Y\  yf  h 
v.  - -a  • » * j i 


tne  minimtua  value  being 

defined  below  the  mean  value  less  the  proportion  of  standard 
deviation  in  question,  is  as  follows: 


Multiples  of  tbe 

Standard  Devlatlon 


Prpbablllty  (that 
wTlT"  exceed  e min 


a measure 
minimum  value) 


For  the  graphical  representation,  see  Figure  jl, 

W'e  can  now  introduce  the  concert  jf  confidence  level; 
that  is  the  reliability  that  the  designor  can  expect  cl* 
his  strength  values.  This  pre-supposes  that  the  designer 
has  available  the  mean  value  of  a series  of  tests  on  r. 
pertinent  adhesively  bonded  joint  assembly  anu  the  stsr.de rd 
deviation  of  that,  set  of  measurements.  With  this  linfcrme 
tion  available,  the  designer  may  set  th ; design  value  of 
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Curva  nhouio^  fchi*  probability  or  the  proportion  of 
f a*  luroc  (failure  to  achieve  s.  minimum  value)  as  a 1 
function  of  the  standard  depletion  for  the  sot  of 
measurements  given  in  terms  of  failures  per 
thousand  units* 


1 


M 


M 


-\ — — h- 


if. 


^ ' - 


NAVORD  Report  22 72 


T i t 


b 

x ? ' 

■Ml 


'k  - 

i i 

,N'£ 


\ i 

i'  i 


7,yn 


c 

•H 

•J. 

*>« 

* 

to 

4= 

4-' 

4 

S$ 

/ 

c 

i 

a.' 

•A  J 

4-? 

CO 

j*Bj. 

V. 

- * 

4f; 

n 

if 

w 

«4 

q 

•c» 

o 

vH 

• ? 

+> 

q 

5i 

* 

U H 

4J  X! 

7 

04  W O 
ro-r-i  U 
•o  P. 

M «-i  c 
JS  «a  bo 
Cku  t!  *4 

W 

!t,  +»  ® 
to  *o 


NAVORD  Report  2212. 


ItEFERhNCFS 


It,  F,  T,  Pierce,  "Tensile  Tests  for  Co?.!,  on  Tarns  v~ 

"The  Weakest  Link -Theorems  on  the  Strength  of  Loup 
and  Composite  Specimens",  J„  Tex,,  jnst.  ?. 7 , 1 
( 1926) 

2*  H-  E.  Daniels,  "The?  Statist!  The  ivy  of  the  S trenr  Ih 
of  Bundies  of  Threads  T"  Proo.  Roya'  SocQ  (London) 
183,405  (1945) 

3..  A,  A.  Griffith  "The  Phenomena  of  Rupture  and  Flow  in 
Solids",  Phil.  Trans.  Roy.  Soc.  2 HI  A , I63  (1920) 

4.  "The  Physio*  of  Crystals*-  A Fw  Jaffa,  192?  (New  York 

5o  "Fracture  and  Strength  of  Solids",  1.  0 rowan,  Rep« 

Fnys.  Soc„  Progr.  Phys*  :i2,  J.85~2j2  (1948-49) 

5„  "Statistical  Aspects  of  Fracture",  .?<<.  Epstein,,  J,  An?u 

. Phys,  19,  140=7  (Feb  1948) 

7.  L.  H.  C.  Tippett,  'On  the  Extreme  Individuals  and  the 
Range  of  Samples  Taken  from  a Normal  Population", 
Biometrics  17,  36A  (1925) 

80  W,  Weifuli,  "A  Statistical  Theory  of  the  Strength  of 
Materials",  Ing.  Vetenskapn  Akad.  Hundl,  No.  3L5X  (1939) 
"The  Phenomena  of  Fupture  in  Solids"  Ibid  No.  153  ^ ;-‘)39) 


NAVORD  Report  2272 


SECTION  III*  DESIGN  PRINCIPLES  FOR  STRUCTURAL  ADHESIVE  BONDS 
Genera 1 Discussion 


In  any  design  problem,  involving  the  joining  or 
fastening  of  two  rigid  members  for  structural  or  stress 
carrying  purposes  and  which  utilizes  adhesives  as  tho 
Joining  material,  the  designer  is  faced  with  various  problems 
in  making  the  assembly  strong  enough  to  withstand  the 
expected  loads  imposed  on  the  structure.  The  design 
engineer  would  like  to  know  the  pure  strength,  (average 
values  and  statistical  distributions)  and  the  plastic  and 
elastic  constants  of  the  materials  and  the  distribution 
of  t,h»  c+.r>*»«ep*  in  the  adhesive  end  the  structure  under 
load.  From  the  foregoing,  he  could  determine  the  proper 
geometry  of  the  structure  to  withstand  the  load.  Unfortunately 
both  the  rure  strength  values  of  adhesive  and  the  stress 
distr) buttons  in  adhesively  bonded  joints  are  largely  unknown 
for  reasons  which  are  discussed  in  Sections  XI  and  V,  and 
very  few  data  are  available  on  the  elastic  constants  of 
adhesive  layers.  Further,  data  on  the  Influence  of  degrad- 
ing influences  of  mechanical  and  environmental  degrading 

w nf  ’’ocf  p r»  f'n  « f*  cn'nric  * o 4* 

«.v<k  V.1VW  W W « « V>  - « W W f.  V V w w • M w . < WA  V W W W — •-»  * ¥ V 


Yet,  the  application  of  the  simplified  desirn  practices 
used  for  stress  studies  on  engineering  materials  to  an 
adhesive  Joint  assembly  may  lead  to  serious  and  gross  errors. 
It  is  hoped  that  the  following  discussions  will  acquaint 
the  design  engineer  with  the  problems  tc  be  faced  in  the 
design  of  such  a joint,  and  with  such  tentative  concepts 
as  do  exist,  so  that  he  may  have  proper  perspective  on  the 
problem  and  thus  more  intelligently  apply  his  judgment 
and  background  to  the  solution  of  bonding  problems  that 
might  be  encountered. 


Advantages  and  Disadvantages  of  Adhesive  bonds 

In  approaching  the  design  of  e structure  the  engineer 
often  has  an  opportunity  to  choose  between  an  adhesive  bond, 
a threaded  joint,  riveted  or  bolted  joint  in  a lock  ring 
joint,  a soldered  joint  or  a welded  joint  At  some  consider' 
able  risk  of  over ■'SiTnr,lifIcatIc>r!  r oversight  of  special 
cases,  the  relative  merits  of  the  more  important  of  the 
Possible  means  of  attachment-  ore  get  forth  in  the  following 
table  to  serve  at  least  as  a stimulus  for  thought  on  the 
subject  by  the  engineer  as  he  decides  on  the  type  of 
attachment  he  will  employ  in  the  design  of  his  structure,, 


70 


NAVORD  Rarer t,  2172 


TABLE  5 


Design  Factors 

Metal 

Adhesive  Rivet;'?  * 
Bonds  Bolts 

Threads  s 

o-otal. 

Lockring.:; 

Welds 
Solder 
In  Metal,'? 

Short  time  Strength 
High  Bearing  Strength 
Adherents 

Good 

Good 

Good 

Good 

Low  Bearing  Strength 

Adherends 

Good 

Poor 

Poor 

OooJ 

Long  Time  Strength 
High  Bearing  Strength 
Adherenaa 

Peer 

wv-3  u 

Good 

A ...  » 

uouu 

Low  Bearing  Strength 
Adharortds 

Poor 

Poor 

Poor 

Good 

Initial  Dimensional 

Stability  Under  Load 

Good 

Poor 

Poor 

Good 

Dimensional  Stability 
Under  Long  Time  Load 
Non-ductile  Adherends 

Poor 

Good 

Good 

Good 

Ductile  Adherends 

Poor 

Poor 

Poor 

As  good  €.*• 

> 

Strength  at  Elevated 
Temperatures 

Poor 

Good 

Good 

adherend 

Good 

Peel  ci  Cleavage  Strength 

Poor 

Good 

Not  apnlit,-. 

Pool 

Additional  Sealing 

Required  Against  Leake 

No 

Yes 

Yes 

NO 

Eleeir!c::-il  Conductivity 

No 

Yos 

Yes 

Ye^ 

Magnetic  Susceptibility 

1 

--  i 

«**  f*  i 

■V,  « 

r*  * . 

*•»  V 
* 

Requires  access  to  inter- 
ior of  closed  or  reentrant 
cavities 

No 

Gomel Imeu 

Some  dees 

Pre  assembly  adherens 

tolerances 

Loose 

Tight 

Tight 

Lot; ; - 

Vibration  or  friction  in 

assembly 

No 

Yes 

Yes 

No 

f)', 
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TABLE 

5 (^oROinuGu  j 

Metal 

Threads: 

Welds 

Adhesive 

Rivets , 

Metal 

Sold  er 

Design  Factors 

Bond  s 

Bolts 

Lockrings 

In  Metals 

Heating  during  assembly 

Some 

No 

No 

Yes 

adhesives 

require 
no  heat 

Time  required  before 
joint  may  be  stressed 

Up  to  a 
week 

Zero 

Zero 

When  cool 

A in  « Am1>  *1  »f  M mm 

required 

Yes 

Yes 

No 

Yes 

Let  it  be  assumed  that  the  engineer  has  decided  to 
employ  an  adhesive  bond  in  the  design  of  a structure*  He 
is  now  faced  with  the  choice  of  bond  geometry,  the  choice 
of  an  adhesive,  the  assignment  of  dimensions  to  the  bond, 
the  design  of  any  jigs  or  fixtures  required,  the  description 
of  the  steps  in  the  bonding  process,  the  description  of  the 
test  end  inspection  procedures  to  be  followed,  che  classifi- 
cation of  defects  and  the  preparation  of  specifications 
covering  the  above. 


sgjgs^iaaji^-J  2lnU£2mXm 

There  is  no  precision  method  of  selecting  a joint 
geometry  for  use  in  a given  application  because  of  the  large 
number  of  joints  possible  end  the  many  conditions  which 
will  affect  the  selection  of  joint  geometry.  There  are, 
however,  several  factors  of  primary  importance  to  which 
careful  consideration  must  be  given.  These  are  listed 
belov.  Compromises  must  bs  made  and  the  ingenuity  of  the 
designer  must,  be  depended  upon  to  meet  the  needs  of  his 
specific  problem,. 


OPERATIONAL  D KOI  IT  RKME  NT  S 

---  - - — — - v 

Load  magnitude,  direction  and  duration  are  the  primary 
considerations  in  selecting  joint  geometry,  A particular 
joint  may  have  great  strength  when  loaded  in  one  direction 
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but  be  very  weak  when  loaded  in  another,  1.3  an  example, 
a butt  Joint  possesses  great  strength  when  leaden  in  oom 
pr&ssion  but  is  very  weak  when  subjected  to  tensile  load 
iug„  A lap  Joint  will  withstand  fairly  high  tensile  load- 
ing but  will  fail  in  bending  or  shear  loading.  To  guide 
the  designer  in  selecting  a satisfactory  Joint  geometry 
for  various  directions  of  loading,  Table  6 has  been  pre» 
pared  comparing  different  Joint  geometries  when  subjected 
tc  various  types  of  loads,, 


The  Magnitude  and  duration  of  loading  will  determine 
what  area  of  adhesive  is  required  and  in  so  doing,  indicate 
one  geometry  of  Joint  over  another  since  the  adhesive  area 
of  certain  joint  designs  Is  limited,.  Also,  the  adhesive 
area  of  certain  Joints  is  more  effectively  used  than  in 
others,.  This  comparative  mechanical  efficiency  is  roughly 
indicated  in  the  Table,  The  design  stress  for  the  adhesive 
should  be  determined  by  destructively  testing  joints  of  the 
geometry  to  be  used  and  will  not  necessarily  be  comparable 
to  the  design  figure  specified  by  the  adhesive  manufacturer. 
If  long  tern  loading  is  required,  the  adhesive  should  not 
be  stressed  over  2/5  to  3/5  of  its  static  !b»d  strength* 

If  space  available  for  the  joint  is  United  and  relatively 
high  adhesive  stresses  are  required,  it  would  be  well  to 
use  scarfed  or  bevelled  joints  to  minimize  stress  concentra- 
tions „ 


SPECIAL  REQUIREMENTS 


OccasionaJ.iy  special  operational  requirements  will 
affect  Joint  geometry  selection,.  If  a joint  is  to  be  water 
tight  or  pressure  tight,  a geometry  having  a long  overlap 
will  be  good  insurance  against  leakage,  When  an  adhesive 
joint  is  to  act  u an  eloctricfti  condenser,  the  adhesive 
area  (consequently  joint  geometry}  will  be ‘determined  by 
the  required  capacity,  the  adhesive  thickness  and  dielectrics 
constant.  The  simplest  joint  geometry  to  consider  for  a 

condenser  is  a butt  joint  with  tenacity,,  c -JiA where 

4 d 

k * adhesive  specific  inductive  capacity 


A - adhesive  ?;rea 


d ' adhesive  thickness 
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MACHINING  AND  ASSE.IBIINO 

Machining  considerations  are  of  greatest  importance 
when  a thickness  sensitive  low  viscositi’  adhesive  is  usee 
in  a scarf  or  tubular  soarf  joint.  It  is  extremely  important 
that  the  scarf  angle  be  essentially  the  same  on  both 
adherends.  Unless  the  scarf  is  the  landed  type,  special 
.jigs  will  be  required  to  maintain  the  proper  clearance 
between  adhsrsnds  during,  the  cure  period * Even  with  a 
landed  tubular  'carf  or  tubular  lap  it  may  be  necessary  to 
pass  a tight  fitting  mandrel  through  the  tubes  to  insure 
the  adherends  being  coaxial  therefore  providing  equal 
adhesive  thickness  around  the  tube...  In  general  the  degree 
cf  accuracy  in  machining  depends  on  the  degree  of  sensitivity 
of  the  adhesive  to  thickness  variation* 

Attempting  to  machine  * plain  scarf  joint  to  a fea - 
thervd  edge  often  results  in  frayed  edges,  especially  if 
the  vtdherends  are  plastic.  Turning  e scarf  cn  a large 
diameter  plastic  tube  is  extremely  difficult  since  it  Is 
very  easy  to  press  the  tube  out  of  round  when  chucking  it,. 
Even  the  pressure  of  the  machine  tool  will  result  In  a 
def  > ctien  in  the  tube,.  When  taken  from  the  machine,  the 
scarf  becomes  oval*  When  mated  with  the  other  adherend, 
a variable  adhesive  thickness  results* 

To  a certain  extent  the  choice  of  geometry  will  be 
influenced  by  limitations  arising  in  the  application  of 
heat  or  pressure  in  the  bonding  process* 

FLAT  OR  MATCHED  SEMI -SPHERICAL  SURFACES 

Joints  of  this  general  geometry  impose  no  restrict  ons 
as  regards  accessibility  of  the  glue  line  to  heat  and 
pre»  vre,  This  application  is  suitable  for  ail  types  of 
adhesives*  The  primary  restriction  in  adhesive  selection 
will  result  fre-m  the  porosity  and  thermal  stability  cf  the 
sdherends  being  utilized* 

TUBULAR  SURFACES 


n * _ » .k 

IUXIU  , 


J*  « • ■ » Si  A >M 


Sleeve  Type,  hap  Joints r 
of  fixed  dimensional  clearance  represent*  e geometry  whe 
no  pressure  can  be  applied  to  the  adhesive  during  its  cu  *<-*< 
Fixtures  for  properly  locating  nnd  holding  the  parts  in 
alignment  are  necessary.  Adhesi-es  must  be  of  the  100^ 
reactive  type  and  the  shrinkage  should  be  negligible. 
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Equidiemetsr  butt  & leeve  joints  represent  .a  design  which  is 
mors  applicable  if  compression  loading  is  to  be  applied  to  the 
bOiid  n 


Sleeve  type,  Lap  Joints,  Bag  Molded,,  This  type  of  joint 
is  representative  of  a process  in  which  a phenolic  impregnated 
filiur  material,  such  as  glass  cloth,  say  be  simultaneously 
laminated  and  horded  to  end  fittings.  Pressures  ore  usually 
restricted  to  100  psic 


Ssl&Us&j&Mh&tiL Ifi 

The  selection  of  an  adhesive  for  a given  application  is 
governed  by  chemical,  electrical,  mechanical,  environmental 
and  processing  factors. 


The  mechanical  factors  Include  the  critical  value  of 
strength  of  adhesion  of  the  adhesive  to  the  adherents,  the 
critical  values  of  the  strength  of  cohesion  of  the  adhesive 
er  the  adherend  and  the  elastic  and  plastic  properties  of  the 
adhesive.  The  environmental  factors  which  may  affect  the 
above  include  exposure  to  cold,  heat,  humidity  atmospheres, 
solar  radiation,  water  and  chemicals.  The  processing  factors 
include  the  handling  characteristics  of  the  adhesive?,  the 
cleaning  of  adherends,  the  spreading  of  the  adhesive,  the 
application  of  pressure  and  the  application  of  heat  which 
in  Section  II  of  this  Report,  The  designer  is 
NAVOED  Report  2273  for  specific  data  on  the 

largo  number  of  3d he elves  and  adherends,  vr-ich 
great  usefulness  in  the  choice  of  an  adhesive. 


are  covered 
referred  to 
properties  of  a 
data  will  te  of 


Of  primary  importance  in  the  selection  of  an  adhesive 
are  the  three  strengths  involved,  specific  adhesion  to  the 
adherend  materials  to  be  joined,  cchesiv©  strength  in  the 
adhesive  and  cohesive  strength  in  the  adherends c 
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Thus,  whichever  material  possesses  the  lesser  strength 
at  the  point  of  maximum  stress  will  limit  the  strength  of  the 
assembly..  As  shown  in  Section  II  it  is  possible  to  compute’ 
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infer  magnitudes  to  these  stresses*  TM*  process  has  net 
been  developed  fully  ana  is  not  of  great  usefulness  at 
It  is  osasible.  however,  to  compare  the  strengths  of  joints 
containing  the  weikSidatD  adhesives  and  to  attempt  to  choose 
an  adhesive  which  is  at  least  a?  strong  as  the  adherent 
materials*  Considerable  comparative  strength  data  are  avail' 
able  in  NATCKD  Report  2273, 


t>~. 


It  is  to  be  noted  that  the  designer  sight  consider  the 
possibility  in  the  overall  design  problem  of  exchanging  an 
edhorend  material  for  another  type  to  which  better  adhesion 
may  be  obtained  or  which  possesses  better  cohesive  strength* 
In  bonding  reinforced  plastic  laminar  materials  the  designer 
should  bear  in  mind  the  In*  bond  strength  between  nlies  mav 
be  the  limiting  strength  of  the  bond.^  Or,  for  example, 
polyethylene  for  which  no  good  adhesives  have  been  developed, 
might  be  replaced  with  another  thermoplastic  material  such  as 
polyvinyl  chloride* 


The  elastic  properties  of  an  adhesive  are  important  in 
relation  to  the  flexibility  of  the  bond  under  external  stress 
or  under  internal  stress  such  as  arise  from  temperature 
changes  in  materials  with  differential  thermal  coefficient 
of  expansion * 

A bond  containing  a flexible  adhesive  will  be  more 
resistant  to  mechanical  shock  and  vibration  or  therma  1 shock 
than  a bond  containing  a brittle  adhesive.  It  is  often  the 
case  that  the  cohesive  strength  of  a flexible  adhesive  is 
loss  than  that  of  a brittle  adhesive.  However,  the  advantage 
of  toughness  of  a flexible  adhesive  may  outweigh  the  advantage 
of  the  static  strength  of  a brittle  adhesive.  It  also  may- 
be expected  that  for  a given  geor.etry  the  magnitude  of  stress 
concentration  in  critical  spots  in  bond  may  be  reduced  if 
a flexible  adhesive  is  used,  thus  leading  to  an  optimum  strength 
for  the  bond.  See  Section  II  on  stress  concent rations  in 
adhesive  bonds,  in  bonding  such  materials  as  paper,  leather, 
cloth,  rubber,  etc,  choose  an  adhesive  which  is  st  least  as 
flexible  as  the  least  flexible  of  the  two  bonded  surfaces. 
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The  plastic  properties  of  an  adhesive  may  be  important 
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bond  under  long-time  loading.  Plasticity  nay  be  a drawback 
if  creep  under  heavy  Xoad3  cannot  be  permitted  in  a bond,  or 
it  may  be  beneficial  as  a mech?nism  whereby  stress  concentra- 
tions under  minor  lt»ad3  {external  or  internal  due  to  bonding 
stresses  or  differential  coefficients  of  thermal  expansion) 
may  be  relieved  to  some  extent  after  a per lor  of  time  thus 
increasing  the  affective  strength  of  the  bond.  However,  very 
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fa»  dots  s available  on  the  plasticity  of  adhesives  at  this 
time,, 


In  choosing  art  adhesive,  it  is  well  to  remember  that 
the  materials  used  in  adhesives  with  the  exception  of  a few 
r iterisi®  such  *s  sodium  silicate,  are  made  of  organic  cob-* 

, junds.  Thus,  they  are  subject  td  environmental  degradations 
typical  of  that  elites  of  material.  The  designer  should  note 
all  the  conditions  that  the  adhesive  might  bo  exposed  to  and 
operate  under  and  govern  the  choice  of  adhesive  accordingly » 

A few  cf  the  guidelines  in  the  choice  of  adhesives  based  on 
environmental  conditions  are  presented? 

a.  In  high  temperature  applications  (never  above  350°F. 
for  sustained  periods)  choose  an  adhesive  of  the  ther®o~seti- 
ing  type  = These  are  usually  more  heat  resistant, 

b.  For  low  ambient  temperatures,  choose  a flexible 
adhesive.  These  are  usually  of  the  thermo-plastic  type. 
However,  most  flexible  adhesives  become  quite  rigid  at  temp- 
eratures about  -1C^F0  and  care  should  be  taken  for  adhesive 
selections  in  temperatures  about  this  region. 

e«.  Organic  solvents  end  other  powerful  chemicals, 
may  have  deleterious  effect  on  adhesives.  Since  the  range 
of  possibilities  are  so  great  la  this  respect,  this  factor 
should  be  checked  carefully, 

d.  Water  soluble  adhesives  should  never  be  used  under 
hydroscopic  conditions „ 


ec  Adhesives  wi II  age.  Under  prolonged  exposure  to 
ultra-violet,  oxygen,  or  other  agents  present  in  the  atmosphere 
the  physical  properties  of  the  adhesive  will  undergo  changes, 
usually  that  cf  degradation.  This  should  be  chocked  if  cha 
bonded  joint  assembly  is  expected  :c  have  a long  u: 
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Table  6 presents  a broad  comparison  of  adhesive  types 
for  use  in  the  first  steps  In  selecting  an  adhesive*  The 
engineer  is  referred  to  NAVORD  Report  2273  for  detailed  data 
on  adhesives  and  adherends  of  use  in  making  « final  selection 
cf  an  adhesive  for  an  application. 


Selection  of  Dimensions 

The  dimensions  of  a bond  are  governed  by  the  magnitude, 
direction  and  duration  of  the  load.;  to  be  Pissed  upon  it, 
py  the  confidence  one  desires  to  piece  on  it,  by  its  history 
prior  to  use  and  by  the  environment  in  which  it  is  to  operate. 


82 


ft' 

# 


5 


n 

•*] 


.j 


4 

1 


I 


s 


YP1CAL  PROPERTIES  OF  P's  ME  ADHESIVES 


i} 


& i 

i ** 

is* 

M 

*t  *•( 

P i 

f 

r 

** 

C 

O *) 

*-?  f-t 

! <«£ 

c 

<B 

o 

O D 

n ct,  j 

1 ^ 

O 

&* 

c. 

a.  £i. 

H 

a p 

f-.  e n 

r 

© g p 

*})  '!•*<  C * 

J-. 

Vi  >», 

K © m 

TJ  U rf~ 

o 

o o 

© ,c  © 

«lH  # *- 

V 

c c 

O O PS 

B5  > ■£ 

P. 

n..  <l 

o 


g 

i — « 

JZ  S*  -P 

! *-• 

>* 

o>  <0  «c 

a 

*'  c C 

c u 

to-** 

> 

C « <CI 

iji  -n 

<£  g:  r<; 

© 

0 

r o = 

K S 

E* 

Pi  f- 

M g 

i *o  ~-t 

n 

O 

O O 

■p  a 3 

r< 

<5^ 

P t£ 

o 

v> 

w »«  sc 

1 S: 

*-  • K 

c- 

r-  cl 

9 

V 

C 

CD 

+3 

(0  *■> 
•H  £ «? 

1 

<i  tj  T< 

ff 

i : 

tn  v>  <v 

O 

c 

iriH  6 

V/ 

o o 

® w 

o 

c 

« ,TJ  Q 

C^c5 

o 

0 o 

oc 

o 

0= 

p- 

a.  a. 

9 

C3 

! 

r~> 

5 

P O 

* o ® 

1 

•o 

p 

M P 

•o 

v*  *»  o; 

o 

r 

■w 

o o 

o 

» (4 

o 

c 

o o 

r\ 

» * 

® U 

iX 

o 

t- 

Cl.  X 

c 5 

9! 

n 

© 

o 

•9 

G 

p 

A3 

x: 

J2 

X 

hO 

t *3£ 

* »* 

IB  he 

iH 

C "H 

O J 

O -H 

p 

X 

^ ►*- 
♦—  i-t- 

j-3 

v4  X 

00 

V» 

1 

£ » 

! 

3 *> 

© O-R 

v> 

m n 

XI  O 9 

© 

a o 

© to 

« a.  p • 

> z 

>-  tj 

<P  ij  ® 

•h  c xr. 

»N 

*M#  V** 

i 

U SE< 

V3 

r> 

© 

c -s 

t-l  P 

O p 

«H  © 

| © 

°r*  3 

3 ® 

n 

f*  03  © H 

m 

0*X 

© 

© o 

! w xi 

<"j  a ® O 

Cl  a.  >kO; 

O © fV 
ClHfl 

<v» 

v> 

©1 

© 

> 

► 

vi 

ta 

© 

© 

© 

jc 

XI 

ue 

■r< 

i2 

»j 

X) 

t: 

<2 

P 

» 

© 

«u 

w*4 

W »1 

•p 

© 

'/)  u 

v< 

<3  P 

(-C 

« 

II  1 

ho 

o 

«r< 

® 

&• 

•P 

« 

© 

B 

p p 

-h  a 

iH 

c 

© 

o 

© lli 

0 

© 

e 

XI 

B 

P 

ja  ^ 

Pi  a 

S3  i- 

■p 

r 

© 

•B*13 

9 >0 

<H  « 

£-«] 

fl 

3 IS 

P « 

C «'4 

Ph 

X 

kip; 

® o 

«t  PPi 

00 

H 

SK 

8, 


JvAVORD  Report  £272 


expectea  io?a 
ut,  3owe  point 
less  than  the  most 
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in  the 


Thus-  if  in  a giv'en  geometry  an 
develop  s concentration  unit  stress  S 
bend  the  greatest  unit  stress  must  be 
probable  value  of  the  least  v&luo  of  strength  of  the  adhe- 
sive at  that  point * (See  Section  II  on  the  stress  concentre 
tion  and  the  Statistics  of  Frao^ure } 


From  Section  II  we  have  seen  that  stress  concentrations 
may  be  expected  to  exist  in  any.  type  of  bond  unless  the 
elastic  constants  of  the  adhesive  are  identical  with  thos® 
of  the  adherond9.  The  unit  stresses  at  the  edges  of  an 
unbevelled  lap  joint  may  be  as  high  as  six  times  the  average 
unit  stress  in  the  bond-  The  stress  concentration  in  ether 
typos  may  be  less  than  six,  as  may  be  Inferred  from  the  results 

Wft«4r  Aw  ;»  (»rtno«wtnf<  »««•«/%««•>>  + Vi  fli 

engineer* probabiy  might  well  use  six  as  a figure  for  stress 
concentrations  in  lap  or  scarf  joints  under  tension  Means 
for  estimating  the  stre&s  concentrations  in  other  geometries 
and  typos  of  loading  are  not  available  and  the  engineer  will 
do  well  to  apply  a large  factor  of  ignorance  to  any  rough 
computations  he  may  undertake  in  this  field,, 


Let  us  now  undertake  to  compute  the  bonded  area  for  s 
ctsrla  lap  joint,  in  thin  aluminum  sheet  to  withstand  1000  lbs,, 
load  per  inch  of  joint.  Let  us  assume  we  are  convinced  that 
i V maximum  average  unit  principal  stress  our  adhesive  oan 
*~iU  and  is  10,000  psi,  and  that  our  adhesive  exhibits  a 
standard  deviation  of  strengths  of  500  psi»  Let  us  also 
assume  that  cur  adhesive  after  the  particular  environmental 
exposure  with  which  we  ara  concerned  can  withstand  only  50# 
of  the  load  it  could  withstand  initially.,  and  that  the  ratio 
of  the  standard  deviation  to  the  average' strength  is  a constant 
for  the  adhesive,.  Let  us  apply  a factor  of  six  for  stress 
concentration  factors,.  Let  us  rcauire  that  not  more  than 
1 bond  in  1000  foil  under  the  1000  'j b a load  or  from  Figure  31 
In  Section  II  the*  unit  stress  ooint.  net  exceed y.  - ST’ . Figure 
V2  shows  a method  for  working  bank  from  the  new  strength 
of  the  adhesive  to  the  area  required  in  the  bond,  or  in  ' 
esse  Vns  length  of  overlap 0 


obis 


Although  this  process  is  attractive  in  view  of  its 
simplicity  it  is  not  operable  for  use  at  present  beeanaa 
the  basic  information  or,  stress  concentrations  and  or  the 
effects  of  environment  or;  the  strength  of  adhesives;.  It  1.-; 
to  be  noted  tnat  the  strength  and  standard  devie^icn  of  new 
adhesives  is  of  no  real  value  in  e design  problem*  What  its 
needed  la  data  cn  the  average  strength  and  deviations  of 
adhesives  aft or  various  environmental  exposures o In  lieu  of 
this  process  the  designer  would  do  well  to  employ  8 safety 
factor  of  10  in  assigning  dimensions  to  an  adhesive  bund,, 
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Figure  32 

Catena! nation  of  working  stress 
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Test  Pats  Shoeing  the  Influence  oi  Some  Design,  Pa remoter 3 

A series  of  correlated  tests  were  conducted  tv  pn  adhe- 
sive manufacturer  on  the  bonding  of  O.olad  Shear  Lap  specimens 
vising  a phenolic- vinyl  adhesive.  For  additional  data  see 
WAVORD  Report-  2273*  Comparative  Data,  These  tests  illustrate 
mechanical  behavior  or  joints  predicted  b>  the  theoretical 
discussion  In  Sections  II.  Ill,  and  IVU  In  addition  , the 
tests  are  on  shear  lap  joints,  which  are  one  of  the  most 
important  applications  of  adhesive  bonding  for  stress  carrying 
purposes.  These  tests,  pertinent  to  the  discussion,  are  ny w 
reproduced  in  full, 

STRENGTH  np  ADHESIVELY  BONDED  BHEAR  LAP  JOINTc 

Figures  31  and  32  illustrate  fie  results  of  tests  on 
shear  lap  specimens  with  varying  adh^rond  thicknesses  and  with 
varying  joint  overlaps-  These  relate  directly  to  adherend 
stiffness  and  joint  geometry.  It  can  be  seen,  from  Figure 
that  varying  sdherend  thickness  and  overlap  length  produces 
marked  changes  in  the  average  computed  unit  strength.  The 
larger  tne  overlap,  the  less  the  uni-:  strength  for  a given 
adherend  thicknecs,  The  thinner  the  sdherend,  the  less  the 
unit  strength  for  a gi\en  adhesive.  For  a given  adherend 
thickness,  increase  in  joint  overlap  does  not  result  in  a 
proportionate  increase  in  joint  strength  and  that  a point  13 
reached  where  any  increase  in  joint  v>verlap  does  not  produce 
any  appreciable  increase  in  joint  strength,, 

EFFECTS  CF  HIGH  TEMPERATURE  ON  TENSILE  SHEAR 

Typical  plain  lap  joints  were  exposed  to  and  tested  at 
temperatures  ranging  from  70°  to  19#’  1%  The  results  are 
as  follows: 

Ehoar  Strength  of  Joints  at  Various  Temperatures 
Plain  Lap  Joints,  1£0  Wide:  2AST  A IS  LAP 


3hear 

Thickness  _ Strength  _ Rate  of  Loed 

Overlap  or  Metal  Temperature  psi Percentage  App.'ljca  ,.icn 


*" 

UO36 

?0°F 

38OO 

100 

3. TOO#  1 min. 

n 

i? 

90°F 

3780 

99 

ft 

11 

« 

I10°F 

3700 

97 

It 
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ti 

13C°F 

3480 

9j. 

Cl 

11 

1! 

150OF 

3080 

81 

IT 
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II 

1700? 

2400 

6j 

It 
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Shear  Strength  of 
, Plain  Lqj3,  jQiats 


Joints  at  Various 


Temperatures 
bl£LZD  (Cont i nu ed  » 


Sh<»ar 

Thickness  Strength  Rate  of  Load 

QsszZ&u  £aspe£a.tiaa  ssL ESESSHtags 


i •« 

T' 

50^0 

5064 

■iOOOF 

1200 

32 

3500#  1 min. 

II 

77°T 

100 

a 0 5 AO/min, 

ft 

« 

160°F 

3,200 

7* 

ti 

ISO 

n 

77°F 

2620 

100 

it 

n 

ft 

loC°F 

2180 

A _ 

03 

ti 

Hence,  it  appears  that  the  joints  at  I6G°F,  using  tMa  class 
of  adhesive  may  he  expected  to  withstand  approximately  75% 
of  ths'r  normal  load,  it  was  noted  that  the  strength  became 
normal  again  when  temperature  was  reduced  to  room  conditior.30 


FATIGUE  TESTS 


A aeries  of  tests  were  carried  out  at  60  cycles  of  loud 
no  load  tests  until  the  joint  failed,  the  results  are  es 
folly«fj 


effect  of  Repeated  Loading  on  Single  Lap  Joints 
IHO  Wide.  3/S"  Overlap  V064  24ST  ALCLAD 


Load  #/" 

Percent  of  Contro 

Static  Test  on  Control  3^00 

100£ 

31,000 

2330 

69 

60,000 

2i30 

62 

76 1 .jOO 

1760 

52 

10 6 2 600 

1690 

50 

3§9 f 500 

tPCO 

■jtf 

U s 

/QUjOW 

1270 

V? 

r* ^ ivi  1 

of  tests  was  made 

under  conditions  of 

a it  erne  ting  stresses..  The  machine  was  operateci  at  6p0  or 
1100  re  elutions  per  minute,  depending  on  conditions..  These 
data,  when  reduced  to  stress  “cycle  diagrams  indicate  a fatigue 
strength  of  10  to  20  pounds  per  square  inch,*  Expressed  as 
percentage  of  ultimate  flexural  strength  give3  the  following. 
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Cantilever  supported 
End  supported 


14 % of  ultimate 
of  ultimate 


Failures  in  the  metal  predominated  over  those  or  the  adhesives 
ir»  the  joint,,  The  results  are  as  follows* 

Effect  of  Alternating  Stress  on  Single  Lap  Joints 
i$0  »Vlu»«  Cantilever  and  End  Supported  Camples 

n 4 nn* 


Support  & Metal 

Construction  Thickness  Amplitude  Load 
9JUM-1&2&2.  Inch lB.Qb.eg—-.  l&JU 

Cantilever 


ISO  overlap 
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ti 
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rt 
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8e?5 

ti 

R 

3/16 
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n 

.12  5 

5/16 

20,00 

n 

ti 

3/16 

13.75 

r. 

« 

1/8 

8,75 

I! 

it 

1/16 

6,25 

0,188 


m 4:11 


70*000 

1.154.000 

3.910.000 

194.000 

2.320.000 

174,900 

293.000 
31,250 

396,600 

2,647,000 

9,007.700 

7,1?2,600 


11 

II 

1/4 

4 5.00 

3,270 

11 

n 

3/16 

*47.  «?n 

v r ” / - 

18,100 

n 

R 

1/8 

27.50 

130,000 

i* 

it 

I/I6 

17.50 

'£  .732,000 

11 

ti 

1/32 

12.50 

12; 220, 000 

Cantilever 

Support 

,064 
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2,75 

127,350 

£"  overlap 

IT 
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2,25 

rr  r\Qr*  aaa 

J )UUV  jU'/W 

H 

It 

1/8 

1.75 

10,300*000 

IT 

n 

1/16 

1.25 

/©  w.vw 

i W / 

II 

w 

i/32 

(i) 

5,250,000 

(2) 

r 

,091 

5/16 

8.75 

98,800 

V 

n 

3/16 

6025 

2,4p0l 000 

v 

** 

1/8 

3^75 

9,000,000 

11 

»♦ 

1/16 

2.50 

7, 580.000 

(2) 

81 

fl 

•4  .'S»T 
X/ 

lo25 

5, 2 50; 000 

{2) 

II 

0.125 

5/16 

20  >00 

84! 800 
436,000 

*1 

11 

3/16 

13,75 

<15  Accurate  readings  unobtainable  fo: 
<2/  Failure  wholly  in  the  metal 


such  thin  metals 
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Effect  of 
ivo  Wide, 


Alternating  Stress  or.  Single  Lap  joints 
Cantilever  and  End  Supported  Samples 
- - . - 24SJ.._A EC  LAD.  A Qg.DtJj5pedA_-_ _ 


Support  & 
Construction 
of  End  Piece 

Metal 

Thickness 

Inches 

Amplitude 
Inches  _ .... 

Load 

Lbs. 

Canti fever 
Support 
overlap 

o!25 

1/8 

8,75 

if 

n ‘ 

1/16 

6.25 

n 

it 

1A2 

3°  ?5 

ii 

9 188 

5/16 

56.25 

< 

« 

3/16 

37*50 

n 

if 

1/8 

27.50 

ti 

n 

1/16 

17,50 

it 

tt 

*;«*»  frt 

End  Supports 

o091 

3/|i 

8 5c  00 

ISO  overlap 

if 

j/P 

45,00 

ti 

ti 

1/16 

19.20 

1! 

cX25 

.186 

1/16 

28.00 

If 

1/16 

S7«50 

End  supports 

.064 

5/16 

171.00 

3/c»  overlap 

« 

1/4 

113.00 

11 

ti 

1? 

ft 

3/16 

1/8 

64.00 

33»30 

IT 

1/16 

15»O0 

cj8£S^^C..3mrMl 


1.150.000 

7.580.000 
5,250,000 

70 

2.200 


45,000 

181,000 

•»  ftift  r\s\r\ 

A|VjV|VVV 

236,000 

637,000 

5.580.000 

2.080.000 

95*600 

10 -.800 

63, 900 
710,580 
1,895,000 

5,742,000 


(2) 

(2) 


IMPACT  STRENGTH  IN  ADHESIVE  AND  RIVETED  JOINTS 


This  serie.-:  of  tests  were  based  on  single  rivet  jelrts 
of  three  sizes.  Studies  were  made  et  three  tempera tures. 
»70°F»,  74«P„ „ and  180°F.  These  impact  tost9  were  made  or 
a Baldwin-Souihwark  Plastic  Impact  Machine,  with  a special 
fixture  for  holding  and  striking  the  specimen.  The  apparatus 
was  e:  closed  in  a special  heating  box,.  The  results  are  aj 
Toilers: 


Comparison  of  Impact  Strengths  of  Ale lad  Joints 
Adhesive  Bond  Alone  - Rivets  Alone  - Adhesive  and 


* - . ».  . _ ^ _ X — 

nxveua  rxeuin 


1 >, 

Z' 


JU«p  yHJXiiva 

MM_2«S„4iS.ta£ 


»f  jLCc  « 


1 H 

IT* 


_ _ 

UVCA  lil  p 


±x2SJB&tiLIL1&22 
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(1)  Accurate  readings  unobtainable  for  such  thin  metals 
(2;  Failure  wholly  in  the  raetax 
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Comparison  c-f  Impact  Strengths  or  :\leiad  Joints 
Adhesive  Bond  Alone  - Civets  Alone  - Adhesive  ~ 
Rivets  Plain  Lap  Joints  ri.de  s $•”  overlap 
— -----go  ^4M  A LG  LAD  


Diameter  Curing 

Ultimate 

Irapgct 

Strangt 

ih  Coni 

Description 

Rivets 

pressured) 

-70®E 

5 la®] 

Rivets  Alone 

w 

1,99 

239 

mo 

CK 

2,48 

2,44 

574 

3/16” 

rr> 

6,72 

974 

Adhesive 

v> 

$0 

2,40 

3,20 

2.96 

915 

A 1 ammm  i>m 

C»  ***** 

9fyy 

* Ad 
— ' 

•» 

*>'v  > — 

«?  »,4 

Adhesive  and 

600 

2.40 

2,16 

1®92 

671 

Rivets 

•*  /**  A 

300 

2.15 

2,24 

1.84 

713 

3/li 

300 

11,12 

8.88 

9.12 

1,220 

EFFECT  OF  HIGH  AND  LOY/  TEMPERATURE  ON  IMPACT 


This  series  of  tests  vere  conducted  on  normally  cured 
bond  using  a mod  if  led  Charpy  Impact  Machine,.  The  samples  ^ere 
exposed  to  and  tested  at  the  temperatures  indicated  as  follows: 


Impact  Strength  of  Single  Lap  Joints  ar  Various 
Temperatures  1V0  Wide  x Overlap  .04  24S?  AL~ 
CLAD  Cleaned  by  Solvent  Degreasing 


Temperature 


Impact^ 


-4G°F 

77op 

i 


Over  14.4 
Over  16 a 6 
nve?  16*6 


It  la  apparent  that  Uie  impact  strength  of  this  phenolic- 
rirsyl  is  fairly  conntent  be^rween  -40°!?  and  120°F  in  the  machine 

used* 


- 

* 


EFFECT  OF  HIGH  TEMPERATURE  ON  CREEP 

Creep  tests  were  conducted  at  the  Bstteile  Memorial 
Institute  under  constant  comparative  test  conditions 5 baser? 
on  normally  cured  bonds.  Average  bond  strength  was  *,160  psi , 
Specimens  ner«  main  ained  at  the  test  temperature  in  an  oil  bath* 

90 


(1)  In  pounds  per  sq*  in* 

(2)  Control  samples  were  tested  in  tensile  shear  to  determine  that 
Joints  were  properly  prepared.  Values  are  In  #/"  and  tested 
at  7fT-F* 


tw  »' 
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Suirmsry  rf  Creep  Tests  on  Single  Lac  Joints 
i'JO  Wide  x $■»  Overlap  5065  24ST 

- AK&ABl.__ 


Description 

Average 

of  1 Tests 

In  Each  Series 

Thickness  of  Joint  Cinch) 

,002 

.002 

.005 

.005 

Temperature  °F 

78 

156 

158 

3-58 

Stress  psi 

2,650 

* 

o 

CD 

o 

?o8o 

2*42$ 

% of  Ultimate 

5ocx:> 

<o 

:0 

Creep  rate  of  400  hrs. 

.000000082 

nil 

nj  X i 

0000002 

per  In/hr 

Total  Deformation  at  400 

hr.  per  in. 

.000?3 

.0046 

,0080 

.0083 

Plastic  Deformation  at 

400  hrs  per  ins 

,00004 

.0040 

,0065 

,0067 

SPREAD  OP  TEST  RESULTS 

In  order  tr  shot?  the  spread  that  can  be  expected  in 
strength  data  on  adhesively  bonded  Joints,  the  -following  wer**‘ 
obtained  on  a limited  number  of  samples  of  shear  lap  specimens  * 
made  of  stainless  steel. 


Single  Lap  Joints  in  Nickel  or  Nickel  Alloys  * 
150  Wide  x Overlap  and.  5010  Metal  Thjckn,eg_g 

IsIililsJliisal 


hST 

Aver; 

Monel 

1632 

418 

738 

"K"  tfonsl 

1070 

450 

670 

Ieonel 

12-70 

665 

951 

Nickel 

825 

18? 

"42 

■‘'Cleaned  by  scouring  with  cleansing 
Average  shown  is  of  5 specimens. 

powder  and  steel 

wool. 
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t 1)  First  column  indicates  an  early  series  of  tests  with  a higher 
initial  ultimate  strength*, 
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SECT  1 OB  Tfi  BOKDINO  PROCESSES 

Qg^&^paa^LftCftS  &2B& 

The  production  of  high  quality  joints  requires  the 
full  recognition  of  all  factors  that  may  affect  the  quality 
of  the  toad  such  as:  surface  preparation  of  the  adherents, 
general  handling  considerations  (preparation  of  the  adhesive 
for  use  and  application  to  mating  surfaces)  fabrication 
techniques  and  heat  transfer  considerations . As  adhesives 
vary  with  respect  to  the  above  factors,  it  ic  possible  only 
to  generalise  on  these  points.  The  inherent  properties  of 
a particular  adhesive  formulation  such  ns  pot  Ills,  optimum 
spreading  rate  and  storage  life  are  likewise  important 
Considerations  ia  any  bonding  process,  arid  tire  cyxiSuisex- 
should  follow  the  manufacturers5  instructions  closely  with 
respect  to  all  factors  involved  in  the  bonding  process » 

^xXggg..i^giara.tlja.  of,  Magsafla 

The  importance  of  properly  preparing  surfaces  to  be 
bonded  cannot  be  minimized.  Ill  surfaces  should  at  least 
be  clean  of  oil,  grease  or  other  foreign  matter s General 
methods  for  cleaning  various  materials  are  as  follows: 

&o  Glass 

• 

The  glass  shall  be  cleaned  by  heating  in  a sodium  dichromate~ 
sulfuric  acid  solution  followed  by  a thorough  rinse  in  water 0 

bo  Metals 

9 a Freshly  machined  metals  or  surfaces  showing  only  traces 
of  oxide  coatings  shall  be  sanded  with  No.  4 CO  paper,  followed 
by  a solvent  rinse  or  wipe0  The  pieces  shall  then  be  degreased 
in  a trichloroethylene  vapor  degreasing  ’unite 


bo  Large  parts  shall 
by  air  blast ,•  Follow 


bo  sand  blasted  and  the  grit  removed 
with  a solvent  rin3e  or  wip©0 


Co  Plastics,  Thermosetting 

Remove  the  glossy  surface  from  molded  pajrts  by  sanding  with 
Noo  220  paper o Freshly  machined  parts  or  molded  parts  which 
have  been  sanded  shall  then  be  cleaned  by  a degreasing 
solvent  wash  and  wipe  with  toluene  and/or  methyl  ethyl 
ketone . 
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d . rlas  ti es  j Thersiople stic. 

Molded  parts  shall  fee  dipped  in  a suitable  solvent  to  remove 
sioid  lubricants*  Caution  must  be  exercised  in  selection  of 
the  solvent  so  that  th<s  rrurfaca  of  the  material  is  not 
adversely  affect sdo 

9 « Wood 


Csnd  with  No..  00  paper  and  sir  clast 
fo  Rubber 


aD  The  rubber  surface  shall  be  sanded  cr  roughened  with 
a scraper  ami  then  cleaned  with  a light  naptha* 

bo  Cycliz.tng  of  Cured  Rubber;  The  rubber  (natural)  shall 
be  eye 11 zed  by  immersion  In  concentrated  sulphuric  acid 
(Spogrdo^f)  for  a period  of  5»10  minutes.  Synthetic  rubbers 
(Neoprene,  Bun®  &.  Hyear)  10-20  minutes c if  the  acid  becomes 
spent,  these  times  shall  be  increased  to  obtain  the  same 
degree  of  cyclizatlono  When  it  becomes  necessary  to 
increase  the  immersion  time  beyond  15  minutes ? the  seid 
shall  be  discarded » 

Assemblies  repairing  only  one  rubber  surface  or  one 
edge  to  be  bonded  to  the  metal*  that  surface  only  shall  be 
cycliscdo  This  can  be  accomplished  by  Immersion  in  shallow 
trays o Use  say  be  made  cf  a sulphuric  acid  « barytes  past© 
applied  on  the  desired  surface  by  a glass  spatula  cr  other 
implement  not  attacked  by  the  aeid0  The  paste  should  be 
in  contact  with  the  rubber  for  10  minutes 0 It  is  essential r. 
however,  that  a layer  of  unspent  acid  ba  In  contact  with  the 
rubber  through  the  entire  treatment = 


This  paste  is  made  up  by  adding  barytes  to  concen- 
trated sulphuric*  acid  (cp*  gr*  l«8h)  until  a paste  is 
formed  that  will  not  rur  s but  will  stay'  where  placed o 


After  the  acid  treatment,  whether  with  the  liquid 
or  paste,  the  rubber  should  be  thoroughly  washed  clean 


— ^ A*  — ■ -*•  -J  -a  41  a/4 

W1UJ  aau  V4JLJWX7V4  0 


rubbing  during  washing  Is  desirable  to  remove  all  the 
barytes  c- 


1_or» 


Cyclizlng  one  surface  may  also  be  accomplished  by 
the  use  of  shallow  trays  with  the  aid  of  giass  or  asbestos 
cloth  acting  a3  a wick  between  the  acid  and  the  rubber  to 
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be  eys  .vised , or  parts  not-  to  bp  cyeliE?d  may  be  masked  o ft 
by  applying  2 coats  cf  Geon  I-atex  PX8  manufactured  by  B*  F 
Goodrieh  Company*  Akron.  CJhiOe 

Trie  coati  z produced  by  the  acid  treatment  shall  be 
broken  to  such  an  extent  by  flexing,  as  to  produce  a finely 
cracked  surface « 


Practically  all  commercial  adhesives  are  polymeric 
materials  of  natural  origin,  or  synthetic  rubbers  or  resins 
and  their  combinations » These  materials  a re  supplied  in 

as,  ^ ^ .m  *•*__*  .9  ^ ^ _ ».  4,  - - '***  ^ , .* A r* 

v* a w;.  m ua  iiuuiMO)  w«ff  $ yv^ucle  diiu 

powder  combination0  The  preparation  of  the  adhesive  for 
use,  other  than  mechanical  agitation*  may  or  may  not  be 
necessary,  depending  on  the  chemical  stage  and  the  form 
in  which  it  is  supplied c 

For  proper  spreading,  adhesives  are  generally  applied 
in  liouid  form,  or  are  liquified  at  some  stage  in  the  bonding 
process n To  achieve  strength  and  a degree  of  permanence, 
setting  &ust  take  place o Liquid  adhesives  lend  themselves 
to  brash  coating,  dip  coating,  spray  coating  and  roller 
coating  if  they  are  of  low  viscosity.  High  viscosity 
materials  may  be  applied  by  knife  costing  or  caulking  guna 
The  film  thickness  desired,  the  number  of  pieces  to  be 
coated,  and  size  and  shape  factors  largely  dstermine  the 
application  technique  to  be  employed  for  a given  applicatioRt 


‘Hie  setting  of  the  adhesive  may  involve  a simple 
evaporation  or  absorption  of  solvent  by  a porous  adherend, 
solegei  or  liouidksolid  transitions,  a polymerization 
process,  or  a combination  of  these.*-'  Setting  of  the 
adhesive  may  be  affected  at  room  or  elevated  temperatures, 
depending  on  type  and  chemical  stage 


A general  classificati 


of  adhesives  according  to 


material  typ#**  physical  forma  available,  additives  required 
prior  to  use,  and  cure  temperature  required  is  presented  in 


(Us  C.  • IN 

j r»  r\  x m / . 
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Table  7 (continued) 


t g 

u 

$ 


Adhesive  Material 
Typo 


Natural 

Reclaim 

Kecprtsn# 

Butyl 

Butadiene-Acrylonitrile 

Bu  tad  ier©  -S  tyror* 
Thick,! 


ChrjoropsNDn#//..iuti  jiic 

Butadiene -Acrylonitrile/ 
Phenolis 

Butadiene  A erylcnitriie/ 
Vinyl  Acetate 


Casein 

Aniraai 
Fish 
Poy  Bean 


*3 


«d 

rH 


7 $ 

r-  c 
£ 


Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 


j-i 

o 


Liquid 


Liquid 


Lic-uid 


Liquid 

Povder 

Pollda 


H," 

H 

R,w 

H 

F,R,K 

?,K 

H 

H 

H,K 

» »*r 

H,KS^ 

H 


e *c 
T)  P 

$ £ 

a.  c 


PR 

v 

PR 

V 

PR 

V 

PR 

V 

SR 

V 

PR 

SR 

V 


o 


PR 

PR 


CR 

SR 

PR 


p 

R-R 

R 

R-H 

R 

R*H 

R 

R-H 

R 

R«H 

R 

R 

R»H 


Additives 
Pequlred  Prior 
T o 


H 

R-H 

R 


Norte 

* 

None 

* 

None 

* 

None 

* 

titan* 

* 

None 


Lead  Peroxide 


R 

R 


None 


None 


None 


fcrmaldp-Vjrle 

’"ater 

’’star 


i . Cole  for  Poi~entQ 
A &A 1 cc  no  Xa 
EsE  there 

FsPatty  Acid  Eaters 
HmArornatie  Hydrocarbons 
K«Ketonee 
Neater 


b,  Code  for  Petting  J^gchan, 
PPsPolymeri  tuition  Proceoa 
PRsSolvent  Release 
CRaOhemloal  Reaation 
VsVulcani *ed 


<J o Cure  T>*tinr ra tuT  o 

7sS7^211oy. 
H=2?Z^3'Pf,  «ncj  »:1ot7. 


♦The  addition  of  accelerators  nay  or  may 
not  be  r squired  for  vulcan l*ation0 
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As  will  be  noted  in  Table  7#  the  faejor-lty  of  the 
adhesives  materials  are  supplied  in  volatile  solvents  t or 
as  powders  which  require  the  addition  of  liquids  prior  to 
their  application  to  ranting  surfaces*  The  release  of  these 
volatiles  is  fundamental  in  obtaining  optimum  results  a 
Consequently,  a critical  control  must  be  exercised  over  the 
amount  of  volatiles  present  vhon  the  assembly  is  closedo 
In  addition  due  consideration  must  be  given  as  to  whether 
the  assembly  is  to  be  processed  at  room  or  elevated  tempera- 
tures o 

ROOM  TEMPERATURE  OPERATIONS 

A «** <*» ~ v*  V*a,v>^4  /v rw*jv»o  nfJ*  4 *; 

- * _ VV  -J-  W~  + U V'AA  v*-  i.*  • S'--  -*•<*{>  ■?.  *S  ■*—  S «— 

that  the  adhesive  be  applied  to  the  mating  surfaces  and  closed 
while  the  adhesive  Is  essentially  in  a sami-liquid  state,  or 
that  the  film  of  adhesive  be  capable  of  reactivation  to  a 
tacky  state  by  wiping  with  solvents o 

Porous  adherends  such  as  cork,  leather,  paper  and 
fabrics  may  readily  be  bonded  to  materials  of  like  or  unlike 
composition  with  solvent  release  adhej-ives  of  the  thermo^ 
plastic  pwiy&er  or  rubber-base  types  * Maximum  bond  str  ength 
will  be  obtained  only  after  the  major  portion  of  the  solvent 
has  evaporated  and  only  residual  traces  remain,.  The  rubber  * 
base  adhesives  may  be  of  the  non-vulcanizing  or  self-vu leant zing 
type  9 

Porous  adherends  SuCii  5 s wood  may  be  b ondsd  with 
adhesive  materials  of  animal  or  vegetable  origin  at  room 
temperatures o However*  joints  fabricated  with  these  materials 
are  3 ess  durable  than  those  made  with  synthetic  resins  3uch 
as  resorcinol  or  resorcinol-phenol  types c As  these  synthetic 
resins  arc  in  solvents  and  are  sat  by  the  addition  of  hardeners 
a rather  close  control  over  the  open  9-ssernbly  time  is  necessary 

Thermoplastic  adherends  may  be  bonded  to  each  other  by 
either  reactivating  the  mating  surfaces  with  cn  appropriate 
solvent  or  by  assembly  with  a thermoplastic  polymer  dissolved 
in  a suitable  solvent o 

Thermosetting  plastics  may  be  bonded  to  each  other  vi  <;h 
suitable  thermosetting  resins  such  as  resorcinol  or  phenol - 
resorcinol  types = 

The  bonding  of  rigid  non-porour  adherends  such  as 
glass,  metals,  thermoplastics  and  hard  cured  rubber  to 
themselves  and  in  combination  must  usually  be  carried  cue  in 
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such  a manner  that  substantially  all  volatiles  are  eliminated 
before  closing  the  assembly  if  high  strength  void  free  joints 
are  to  be  realised o Consequently,  adherend  systems  composed 
of  these  materials  arts  generally  processed  by  procuring  the 
costed  parts  prior  to  assembly,  and  then  curing  the  assembled 
parts  under  heat  and  pressure® * However*  it  is  possible  to 
obtain  joints  of  good  quality  for  some  applications*  by  room 
temperature  operations e using  non-solvent  100^  reactive  liquid 
type  polyester  or  epoxy  resins®  Polyester  type  resins  will 
produce  high  strength  bonds  with  glass,  metals  and  polyester 
laminates  and  their  combinations*  Epoxy  resins  will  produce 
high  strength  bonds  with  metals,  phenolic  laminates  and 
oyclised  hard  rubbers  and  their  combinations « 

In  bonding  metals  to  non-metals  a single  adhesive  is 
often  unsatisfactory  for  high  strength  bonding  either  because 
it  is  not  possible  to  satisfy  the  bonding  requirements  of  both 
adherends  with  a one  adhesive  system  or  because  the  non-metal 
adherend  will  not  withstand  the  temperature  necessary  to 
procs  ss  hhs  assembly®  In  addition,  the  geometry  of  the  joint 
may  not  be  conducive  to  the  application  of  substantial  pressures 
For  these  reasons  it  in  often  neeesqsrv  to  apply  and  then 
either  pre-’dry  or  pre-cure  an  elastomeric  primer  coat  on  the 
metallic  adherenda*  Non-metal lie  adhorends  such  as  thermo- 
plasts  or  thereiosets  may  then  be  attached  at  room  temperatures 
by  using  secondary  adhesives  such  as  resorcinol  to  which 
hardener  h?;s  been  added* 

ELEVATED  TEMPERATURE  OPERATION 


In  general,  the  highest  strength  adhesive  and  the 
most  durable  under  various  environmental  exposures  are  of 
the  thermosetting  (space  polymerizing)  class®  Although 
some  adhesives  of  this  class  may  be  set  at  room  temperature 
by  the  us©  of  addition  agents,  the  majority  require  cure  at 
elevated  temperature*  Pres  sure  $ temperature,  time,  rata  of 
heating , and  thermal  expansion  considerations  become  factors 
of  considerable  importance  as  they  have  a bearing  on  the 
ultimate  strength  of  the  bonded  Joint® 
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strength  in  that  they  determine  when  the  film  has  been 
completely  cured  ? 


Pressure  *iay  have  a bearing  upon  the  ultimate  strength 
because  it  directly  determines  the  amount  and  thickness  of  the 
adhesive  film,  and  insures  maintenance  of  the  desired  contact 
despite  flash  or  shrinkage  of  the  film* 
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The  rate  of  heating  is  important*  wspeei&IXy  in  the 
ease  of  thermosetting  adhesives,  when  they  are  in  the  form 
of  films,  powders,  or  semi-solias*  A low  heating  rate  may 
cause  chemical  conversion  to  be  cured  film  before  the  desired 
flow  characteristics  are  developed.,  This  tends  to  prevent 
adequate  welting  of  the  adherence  at  moderate  pressures * 
hence  points  of  weakness  in  the  bonded  Joint*  Conversely, 
too  rapid  a heating  may  cause  the  adhesive  to  become  so 
fluid  that  the  bond  will  shew  an  adhesive  deficiency c 

A requisite  for  elevated  temperature  bonding  is  that 
substantially  all  of  the  volatile  solvent  be  removed  from 
the  adherends  coated  with  liquid  adhesivs3  prior  to  closing 
tne  assembly*  This  is  of  particular  importance,  especially 
if  the  adherends  are  of  a non-* porous  nature  and  maximum 
strengths  are  to  be  realised  <>  Both  thermoplastic  and  thermo* 
setting  adhesives,  whether  they  be  in  liquid  or  solid  form, 
are  generally  quite  adaptable  to  processing  at  elevated 
temperatures  depending  on  the  geometry  and  stability  of  the 
adherend  system* 


To  help  alleviate  residual  stresses  upon  curing  at 
elevated  wemperaturas , two  rules  may  be  applied  with  regard 
to  thermal  expansion  First,  if  possible,  all  portions  of 
the  die  or  alignment  fixture  are  heated  to  a uniform  and 
constant  temperature.  Cold  or  hot  spots  axe  bound  to  produce 
non-uni  f orm  expansion,  resulting  in  either  warpage  or  undue 
stress  on  the  bond*  oeeondly,  if  possible,  the  parts  should 


be  allowed  to  reach  maximum  expansion  before  pressure  is 


applied*  Parts  are  placed  in  the  cur  Lag  fixture  in  their 
respective  relative  positions  and  the  adherends  are  brought 
Just  short  of  closure*  A short  predetermined  time  is  allowed 
for  the  parts  to  heat,  after  which  time  the  assembly  is  closed 
and  pressure  applied*  Although  not  ellminrtiSig  residual 


stres3«3e  the  aforementioned  rules  will  probably  reduce  such 


stresses  to  a minimum* 


m 


APPLYING  THE  ADHESIVE 
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The  following  discussion  gives 


a brief  description  of 


- 
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Brushing 


For  comparatively  small  areas  or  for  assembly  gluing 
operations,  the  adhesive  is  sometimes  applied  by  brushing 
with  stiff^bristle  brushes  or  from  serrated  paddles  or  hand 
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operated  extrusion  guns®  These  methods  are  seldom  applicable, 
however,  to  large  scale  production  operating  procedures „ 

Spray-Gun  Application 

The  use  of  a spray-gun  to  apply  adhesive  is  usually 
limited  to  cases  Where  repeated  applicat-ono  are  necessary 
in  order  to  build  up  the  required  adhesivc-filra  thickness 
or  to  cases  where  the  handling  of  the  member  to  which  adhesive 
is  to  be  applied  is  difficult®  The  spray-cun  method  is  seldom 
used  in  large  scale  operations,  because  (1)  the  amount  of 
solvent  for  the  adhesive  which  is  required  to  reduce  the 
solution  to  a suitable  spraying  viscosity  introduces  solvent 
which  must  subsequently  be  evaporated}  (2)  the  overspr&y 
results  in  the  waste  of  a considerable  portion  of  adhesive} 
and  (3)  suitable  spray  booths  or  other  ventilating  equipments 
are  necessary  to  provide  disposal  of  the  solution  vapors o 

Doctor  Blade 

For  the  continuous  application  of  adhesive  to  one 
side  of  a flexible  materials  thA  aystem  doctor  blade 
and  blanket  has  been  widely' used o The  arrangement  of  equip- 
ment is  similar  to  that  used  in  the  coating  of  paper  or  clotho 
The  material  to  be  spread  with  adhesive  is  drawn  continuously 
over  a supporting  blanket,  usually  rubber,  which  is  an  endless 
belt,  moving  on  a roller  system®  Against  this  resilient 
backing,  the  web  to  be  coated  is  drawn  across  the  edge  of 
a doctor  blade,  and  the  adhesive  is  fed  to  a pool  in  front 
of  thi3  clade® 

Dip  Tank  and  Hip  Bolls 

The  most  common  system  for  the  impregnation  and 
application  of  adhesive  to  both  sides  of  material  when  the 
member  is  f lexis is,  as  well  as  continuous,  as  in  the  case 
of  .oa per,  is  the  dip^tank  and  nip-roll  scheme*  In  this 
system , the  continuous  web  is  fed  over  a roller  system  and 
completely  submerged  in  a tank  containing  the  adhesive 
solution®  The  web  leaving  the  tank  is  fed  through  a pair 
of  roii^rs  which  are  adjusted  to  remove  the  excess  adhesive 
am  provide  a uniform  spread®  The  amount  of  adhesive  applied 
can  be  varied  in  such  a system  by  changing  the  gap  or  pressure 
between  the rip-rolls  and  also,  of  course,  by  varying  the  solids 
concentration  of  the  dip  bath®  This  sytem  is  used  extensively- 
in  the  preparation  of  paper-base  and  cloth-base  laminates,  and 
many  minor  variations  are  in  common  use* 
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Roller  Spreading 

> The  applications  of  adhesive  with  roller  spreaders  la 
most  common  when  rigid  or  prediraensioned  pieces  are  involved c 
In  a roller  spreading  system,  the  adhesive  is  distributed 
over  a roller  from  e reservoir  by  th<^  action  of  a doctor 
roller*  The  adhesive  is  transferred  from  the  application 
roller  to  the  bonding  surface  as  the  pieces  are  passed  over 

its 

When  relatively  heavy  spreading  rates  of  adhesive,  60 
to  100  lfco  of  liquid  adhesive  per  1000  sq.  ft*  single  glue 
line,  are  involved,  the  spreader  rolls  are  usually  metal, 

SHC  vliS  surface  is  corrugated*  ?ur  tilt  lighter  spreading 
rates  as  for  synthetic-resin  adhesives  in  the  region  of  20 
to  50  lbo  of  liquid  adhesive  per  1000  sq0  ft,  of  single  glue 
line,  the  spreader  rolls  are  usually  rubber-covered  and 
corrugated o The  rubber  covering  permits  sore  even  spreading 
rate  by  adjustment  of  the  doctor  roll  pressure » 

Although  wide  viscosity  variations  are  encountered  in 
commercial  spreading  operations ^ an  absolute  adhesive  viscosity 
of  20-30  poises  is  usually  considered  optimum 0 Hie  upper  li/nit 
for  successful  spreader  operation?  particularly  with  rubber 
spreaders,  is  approximately  200-300  poises o Some  difficulty 
may  be  encountered  with  such  high  viscosity  adhesive* 5 however o 


(12) 


The  use  of  pressure  during  any  bonding  operation  may 
vary  widely,  depending  on  the  particular  adhesive  under 
consideration.?  Pressure  during  any  bonding  operation  has 
several  functions o The  coating  of  the  e&hesive  in  the  Joint 
must  be  reduced  to  a thin  continuous  glue  line  of  uniform 
thickness,  and  in  most  cases  it  must  be  distributed  uniformly 
over  the  Joiht-  Host  forms  of  adhesive  spreading  are  likely 
to  b t uneven,  and  in  the  case  of  glua-roli  spreaders  the 
adhesive  is  actually  applied  as  t.  series  of  ridges  cf  adhesive 
spread c Pressure  also  serves  to  eliminate  any  .imprisoned  air 
and  to  force  the  adhesive,  during  the  flow  period,  into 
irreruM-aritieo  or  pore  spaces  in  the  surface  cf  the  materials 
to  be  bonded?  This  is  particularly  importance  wnen  only  one 
mating  surface  is  spread  with  adhesive  Pressure  during 
bonding  also  serves  to  hold  the  two  sides  of  the  Joint  in  an 
uninterruptedly  fixed  position  during  the  period  reouired 
for  the  adhesive  to  cure  or  set?  For  maximum  strength,  ‘the 
pressure  should  be  maintained  substantially  at  & fixed  level 
during  such  bonding  operations* 
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Described  briefly  here  ere  the  isos t eorr^^n  methods  of 
applying  pressure  during  a bonding  opera tlont 

CONTACT  OR  ROLLER  PRESSURE 


Laminating  under  the  low  specific  pressures  which  can 
be  achieved  with  rollers  or  between  a web  under  tension  and 
a roller  has  until  recently  been  confined  to  the  manufacture 
of  multi-layer  paper  beards  and  similar  naterlaj.3  with 
adhesives  of  very  high  tack*  Such  pressure  systems  are  used 
in  the  manufacture  of  corrugated  paperboard  and  solid  fiber** 
board  laminates*  The  development  of  the  so-called  contact 
laminating  resins  has  extended  these  pressure  systems  to  the 
continuous  manufacture  of  paper^base  and  cloth-base  laminates 
in  which  the  supporting  web  is  cellophane  or  coated  paper » 

The  pressures  obtained  in  such  a laminating  system  are  of  a 
very  low  order  end  are  actually  only  sufficient  to  bring  the 
flexible  adjacent  layers  into  contact o 


JLAMPS  AND  SCREWS 


One  of  the  commonest  methods  of  applying  pressure  , 
particularly  in  the  wood-working  industry,  is  by  the  use  of 
screw  Jacks*  The  pressure  applied  by  the  tightening  of  a 
screw  or  nut-  of  course,  requires  distribution  over  the  area 
to  he  placed ‘under  pres sure » In  order  to  obtain  uniform 
pressure  when  several  screws  are  required  for  a given  assembly 
the  screws  or  nuts  are  usually  tightened  with  torsion  wrenches, 
or  at  least  the  pressure  is  Judged  during  a manual  operation* 

In  some  cases,  mot or -driven  torsion  wrenches  are  employed o 

Retaining  clamps  are  often  used  as  an  adjunct  to 
hydraulic  presses 5 particularly  in  cold-press  plywood 
operation-  where  the  assembly  is  compressed  under  hydraulic 
pressure  in  a cold  press  as  described  below,  and  the  bale 
or  assembly  Is  maintained  under  pressure  by  the  use  of 
retaining  clamps o 
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has  several  distinct  advantages:  It  is  measurable 
automatic  control,  can  be  continuous^  Hydraulic  pressure  can 
usually  be  ouickly  and  easily  applied  and  is  particularly 
suited  to  repetitive  operations  on  a short  time  cycle  * 


rheumatic  piston  pressure  is  frequently  encountered 
where  light  work  is  involved  but  because  of  compressor 
limitations  is  seldom  used  at  piston  pressures  over  approxi- 
mately 100  psio 
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FLUID  PRESSURE 

The  pressure  devices  outlined  Bbove  fill  suffer  from 
the  limitation  that  they  are  unidirectional  and,  even  with 
the  use  of  rigid  dies,  produce  complicated  pressure  systems 
where  areas  of  curvature  through  large  angles  are  under 
eoiiaicieratloa.  In  other  words,  when  unidirectional  pressure 
is  applied  to  curved  surfaces,  the  pressure  component  exerted 
at  any  point  on  the  curve  is  proportional  to  the  cosine  of 
the  angle  between  the  direction  of  pressure  and  a perpendicular 
to  the  tangent  of  the  curve  at  the  point  in  question  Where 
curved  sections  are  under  consideration,  fluid  or  omnidirectional 
pressure  is  the  solution* 

The  simplest  form  of  fluid  pressure  is  obtained  by 
enclosing  the  assembly  which  ha3  been  laid  up  over  rigid 
male  dies  in  a flexible,  not  necessarily  extensible,  impervious 
bag  and  then  exhausting  the  air  from  the  interior  or  the 
assembly*  The  atmospheric  pressure  is  then  exerted  over 
the  whole  area*  In  such  cases,  obviously,  the  maximum 
obtainable  pressure  is  atmospheric  and  therefore  limited  to 
approximately  15  psi* 

• 

The  next  step  in  the  developin',  of  fluid  pressures 
was  the  enclosure  of  such  an  exhausted  assembly  in  an  autoclave 
and  applying  steam  or  air  pressure  to  the  outside  of  the 
rubber  bag  and  thus  lucres sing  the  available  specific  pressure* 

ikPJsXjLgfi&lfliL  jaXLSsat 

From  the  previous  discussion,  it  is  seen  that  bonding 
often  requires  definite  heating  cycles  to  be  used  in  order 
to  obtain  the  ultimate  strength  of  the  adhesive  * A deviation 
from  the  prescribed  cycle  may  yield  a joint  deficient  in 
adhesive  due  to  improper  flow  properties  of  the  material 
during  the  preliminary  stages  of  its  cure*  The  importance 
of  this  consideration  warrants  a orief  review  of  the  funds 
mental  modes  of  heat  transfer 0 

It  is .well „ understood  that  heat  may  flow  by  three 

>.  

uicvuti/Jiauia  • * ' J~  ~ ~ 


CONDUCTION 

Heat  is  transferred  from  one  part  of  a body  to 
another  part  of  the  same  body.,  or  from  one  body  to  another 
in  physical  contact  with  it,  without  appreciable  displacement 
of  the  particles  of  the  body* 
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The  fundamental  law  ox"  conduction  is  that  the  rate  of 
heat  flow,  or  heat  content  dC/de  , is  proportional  to  the 
area  of  cross  section  A and  to  the  temperature  gradient 
«dfc/dL,,  both  taken  at  the  points  The  proportionality  factor 
k is  called  the  thermal  conductivity,  defined  by  the  equation: 

i&  » » fcA 
d©  dX 


In  the  English  sj'stem  k will  be  expressed  as* 
(BotoUo)  (hr*)"^  (?t«)^  (deg,  Fo)'* 


It  is  found  experimentally  that  for  a given  isotropic 
substance  the  thermal  conductivity  depends  essentially  on 
its  teraperatureo  Furthermore ? except  for  certain  special 
cases,  the  conductivity  changes  relatively  slowly  with  the 
temperature « 

At  this  point  it  would  be  well  to  define  another  term 
of  considerable  importance  in  the  study  of  thermal  conductivity ° 
This  la  the  thermal  diffusivity  which  is  defined  by 


(11*' 


where  k is  the  coefficient  of  thermal  conductivity,  c the 
specific  heat  of  unit  mass,  and  e the  mass  per  unit  volumeo 
It  occurs  in  the  Fourier  equation  of  temperature  distribution? 


»t  | ar  dy* 


where  G is  the  temperature  at,  any  point  determined  by  the 
coorditraces  x,  y,  a,  and  t is  the  timer.  It  is  therefore  seen 
that  the  rats  of  temperature  change  with  change  in  time  at  a 
given  point  is  dependent  upon  dZ  „ The  thermal  diffusivity 
is  a physical  quantity  which  takes  into  account;  the  heat 
storage  property  of  the  material,  and  i z the  index  of  the 
rapidity  with  which  the  internal  temperature  of  a slab  made 
of  the  material  increases  when  heat  is  suddenly  applied  at 
an  external  surface 

Briefly,  for  a given  material,  the  thermal  conductivity 
is  a raeasur?  of  the  rate  of  propagation  cf  heat,  while  the 
thermal  diffusivity  Is  a measure  of  the  rate  of  change  of 
temperature < It  is  interesting  to  note  that  the  dimensions 
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of  the  her'',  a I diffusivity  arc 


of 


Ca  being  vhe  dimension 


length  and  ’’  that  cf  tiue)  whiire  neither  a beat 
mpera* ure  dimensions  are  presents 


The  thermal  conductivity  and  thermal  diffus' vl ty  fo’ 
various  reinforced  plastic  materials  are  given  in  NAV’ORD 
Report  2273'. 


CONVECTION 

Hsat  is  transferred  from  one  point  to  another  within 
a flrld  gas  or  liquid,  by  the  mixing  of  one  portion  of  the 
fluid  with  another o The  motion  of  the  fluid  may  be  entirely 
Che  resv.lt  cf  difference  in  the  density  resulting  from  th«* 
temperature  differences,  as  in  natural  convection;  oi  the 
motion  may  be  produced  by  mechanical  means t ao  in  forced 
convectioru 

In  the  flow  of  fluids s even  at  high  velocities s a 
residual  film  persists  on  the  surface  of  the  retaining  wall > 
If  heat  is  passing  through  the  retaining  wall  to  the  fluid, 
the  comparatively  stagnant  film  is  of  great  importance  in 
determ? ring  the  rate  of  beat  transfer.  This  follows  from 
the  facts  that  all  the  heat  reaching  the  bulk  of  the  fluid 
must  pays  through  this  film  by  conduction  and  that  thermal 
conductivities  of  fluids  ace  iov;  sc  that  although  the  film 
is  thin,  the  resistance  offered  by  it  to  the  Cow  of  heat 
is  larg<;  ,>  On  the  other  hand  * beyond  the  film  the  turbulence 
brings  about  a rapid  equalisation  of  temperature.*  The 
thermal  resistance  of  the  film  is  quite  difficult  v,o  measure 
and  an  indirect  method  is  used  for  tb *ir  calculation.  The 
film  coefficient  can  be  defined  by  the  relation: 


ft-, 
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T‘i_  is  t:  a temperature  at 
r~  is  i)  a temperature  at 


tne  outer  surface  of  he  f i In  an  1 
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hr  oh  research  hr.s  seen  aor«  on  deter-' 
oo  fficients  and  many  equations  have  been 
r e a’Ui  lion  under  specific  conci  :ions 
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Hue  Da ttun-*  Boelter  equation  is  tndicetiv*  of  the  ty p<t 
caleujEiiO'a  used  for  evaluation  of  film  coefficients  for 
fluids  • n turbulent  flow  inr.ido  clean  round  pi.  pcs-. 
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0*8  OcH 

H s 0,0225  & ioHJii  -LCdil 

o A(  k 

h coefficient  of  heat  transfer 
15  s diameter 

k » thermal  conductivity 
u - linear  velocity 
«?  s density 

it  s viscosity 

C - specific  heat 

Many  variables  are  er countered  in  the  calculation  of 
film  coefficients  and  the  mode  of  evaluation  will  depend 
upon  the  particular  application  in  question* 

RAl IATIOK 


Heat  is  transferred  in  the  form  of  raciant  energy  which 
is  emitted  in  all  directions o When  this  energy  strikes 
another  body,  part  is  reflected  and  part  may  be  transmitted 
'unchanged  through  the  body,  depending  on  it?  degree  of 
opacity o The  remainder  is  absorbed  and  quantitatively 
transformed  into  heat© 


Use  fundamental  law  covering  the  transfer  of  boat  by 
radieticn  Stefan® s law;  (black  body  radiation) 

q s bAT** 

A u the  area  of  the  radiating  surface 
T “ its  absolute  temperature  in  degrees  Rankins 


All  bodies  at  all  temperatures  above  absolute  rerc 
radiate  energy  according  to  Stefan’s  law.  ;,or>sideF  a siaa'j 
body  of  area  A and  temperature  Tg  completely  surrounded  by 
a hotter  body  of  temperature  Ti* ’ The  net  amount  of  heat 
transferred  from  the  hotter  body  to  the  colder  body  is 
therefore  the  algebraic  sun  of  the  radiation  from  the  two 
bod  loo s so  that  Stefan’s  law  may  be  written  for  the  case  as 


q r bA(T^ 


.ft 

■2 


) 
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where  i)  Oc  i ?3  x 10  “®  Btu/ ( sq  » f t * 5 (hr  o )/®f.ankine  * 

This  assumes  * however,,  that  all  of  the  heat  radiated  by  the 
cooler  tody  falls  on  the  hotter  and  Is  absorbed  by  iio 

No  actual  substances  fulfill  this  last  assumption 0 
Instead  of  absorbing  all  of  the  radiant  energy  that  falls 
on  ihea,  they  absorb  only  a part  of  it  and  reflect  the  rest.* 
An  ideal  black  body  Is  one  which  reflects  none  of  the  energy 
falling  on  it®  Most  objects  with  a matte  black  surface 
approach  the  theoretical  black  body  closely  enough  for 
practical  purposes o Polished  metal  surfaces  and  white  bodies 

from  the  theoretical  bi&ek  body<>  It  may  be 
that  inride  ® spaoa  where  the  tempera ~ 

throughout,  all  substances?,  no  matter  what 
their  color  or  surface,  behave  as  black  bodies o 

Since  no  bodies  actually  exhibit  black  body  emission, 
another  term  must  be  included  in  the  Stefan  law  to  give 
quantitative  results* 

q 5 £ bAT4 


deviate  widely 

<■*"  * t,  a*  «■» 

tjnVMUfc  uvqu,  v*  | 

tore  is  uniform 


The  terra  € is  known  as  the  eraissivity  of  a surface o 
Emlssivity  factors  for  various  substances  are  as  follows*  *-i 


^Z) 


Surface 


Temperature  (°?) 


1*  lampblack  100-700 

2«  Aluminum  (polished  plata)  76 

3*  Black  lacquer  100-200 

m White  Lacquer  IOC -200 

5°  Oxidized  Iron  390-1 iic 


Emls-sivity 
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DIELECTRIC  HEATING 

High  frequency  dielectric  heating  used  to  a 

considerable  extent  for  electrical  ao a-conduc ting  materials 
wish  es  wood,  plastics  and  rubber v an  a means  cf  producing 
dirset.  heat  throughout-  a given  mass  at  a uni, form  rate..  The 
process  is  carried  out  Dy  placing  the  materia]  to  be  heated 
bet-veer*  electrodes  * which  in  turn  are  connected  to  the  source 


of  an  alternating  electric  potential  or  oscillator. 
high  frequency  field  set  up  between  the  electrodes  is  passed 
through  the  material  and  causes  the  racleeul.es  to  align 
themselves  to  the  rapidly  alternating  reversals  of  fieldc 
This  molecular  motion  results  in  friction  and  causes  the 
material  to  absorb  the  same  amount  of  energy  throughout  its 
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eioss  section,  with  the  result  that  the  temperature  rise  ia  • 
uniform  regardless  of  its  thermal  conductivity o 

The  power  required  to  boat  a non-conducting  material 
is  based  on  the  freouency  of  the  field,  the  square  of 
voltage  across,  the  mass,  the  dielectric  constant  of  the 
material  and  its  power  factor « 

1 ’<****■  ' ^fTl|  j 10'1S  watt 

E 55  voltage 

^ Aip«j 

F^  - lost  factor  (power  factor  of  material  times 

dielectric  constant) 


A * Area  of  material,  tCo  in0 


- thickness  of 


This  formula 
Corporation  and  is 


has  been  suggested  by  Induction.  Heating 

for  heating  of  dielectrics  having  uniform 


sections o If  the  material  varies  widely  in  shape,  density, 
and  moisture  content,  corrective  allowances  will  have  to  be 
made* 


The  frequency  used  should  be  one  that  offers  the 
greatest  loss  factor  so  that  the  maxiRiiuM  capacity  of  the 
oscillator  will  be  utilized  * The  voltage  used  should  be 
ae  high  as  possible  but  slightly  below  the  point  where 
flashover  occurs e The  usual  practice  is  to  raise  tha 
voltage  until  flashover  takea  place,  then  reduce  it  fco  a 
safe  operating  value * 

This  brief  review  or  boat  transfer  indicates  the 
methods  of  heating  that  can  he  utilized  for  the  heating  of 
adhesives  to  their  cure  temperature*  Heating  devices  which 
are  available  include  presses,  ovens,  strip  heaters,  cartridge 
heaters?  infra  red  lamps?  hot  fluid?  and  dielectric  heaters. 
Each  aunij cation  reauires  special  consideration  and  the  selec- 
tion of  the  method  of  heating  to  be  applied  will  depend  upon 
the  peculiarities  of  the  case  in  Question* 


100 
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There  are  two  distinct  approaches  to  the  problem  of 
designing  engineering  structures  which  incor porats  adhesive 
joints*  One  method  is  to  build  the  desired  structure  using 
some  adhesive  and  then  test  the  entire  structure  by  exposing 
it  to  all  the  forces  and  environments  to  which  it  will  be 
subjected  and  observing  whether  or  not  it  performs  in  a 
satisfactory  manner*  The  other  method  consists  of  choosing 
an  adhesive  of  known  physical  properties,  and  designing  a 
joint  in  which  it  is  analytically  determined  that  the  adhesive 
strength  will  not  be  exceeded  during  the  life  of  the  structure* 


The  first  method  must  be  used  where  small  safety  factors 
are  used  in  structures  too  complex  for  accurate  analysis  such 
as  aircraft*  In  general,  however,  this  method  is  only  practical 
where  it  is  economically  feasible  to  build  numerous  complete 
assemblies  and  empirically  determine  by  a comprehensive  testing 
or  field  evaluation  program  the  suitability  of  the  adhesivo 
application*  There  is  al30  the  disadvantage  that  each  structure 
configuration  must  be  tested  independently* 


The  second,  or  analytical,  method  requires  the  determina-' 
tion  of  the  stress  distribution  in  the  joints  to  be  bonded,  and 
the  ohoice  of  an  adhesive  whose  physical  properties,  when  used 
with  the  adherand  materials  involved  are  known  or  can  be 
determined  by  tests* 


'-Che  designer  can,  with  a reasonable  degree  of  accuracy, 
eompuiti  the  stress  distribution  in  simple  structures  made  of 
an  engineering  material  such  as  steel  which  can  he  considered 
isotropic,  Homogeneous , a.td  which  obeys  Hook's  law  for  small 
deformations c However,  th«  inclusion  of  an  adhesively  bonded 
joint  in  a structure  uniting,  as  it  does,  two  widely  dissimilar 
materials,  vastly  increases  the  difficulty  of  ascertaining 
stress  distribution**  The  evaluation  of  the  shear  and  tensile 


properties  of  an  adhesive  which  are  pertinent  to  the  analysis 
of  stresses  in  a bonded  joint  is  also  rendered  complex  by  the 
inherent  discontinuous  nature  of  a bonded  joint*  Ooiand.  and 
Reisner  have  pointed  cut  that  the  stress  distribution  in  a 

*i«v.  ce  V uH  Th  T*>  **  T >>  1 f* Wl 0* q q fin 
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elastic  modulus  ratio  of  the  adhesive  to  the  ednerend,  and 
that  even  in  this  geometrically  simple  configuration  stress 
analysis  was  only  possible  by  utilising  simplifying  assumptions  , 
which  represent  only  two  extreme  cases  of  adhesive  and  adherend 
elastic  moduli* 


* ‘iA 


k.  r terror* 


A 


i v 


:2V^ 


me  American  Society  for  lesting  Materials  nas 
investigated  a number  of  tests  used  to  evaluate  adhesives  * 
Some  of  these  have  been  adopted  as  standards  and  others 
accepted  only  tentatively o The  significance  and  limitations 
ef  scms  of  tbsse  test;;  should  be  understood  by  the  engineer 
who  wishes  to  use  then  as  a basis  for  the  evaluation  of  any 
adhesive^udherend  combination,. 


The  method  which  the  ASTM  has  adopted  as  standard  for 
the  measurement  of  tensile  strength  appears  to  have  several 
undesirable  features  as  a method  of  determining  the  ultimate 
tensile  strength  of  an  adhesive « It  appears  that  the  adhesive 
film  is  not  strained  uniformly  due  to  the  nroximltv  of  the 
adhesive  bonding  ares,  the  load  application,  and  points  or 
high  stress  concentration  caused  by  specimen  geometry  * 

When  on©  wishes  to  determine  the  tensile  strength 
of  a material  the  usual  procedure  is  to  make  a long  test 

S>u^i4»itn  frl,*  K «.  Trn  rt  *>  I a \ onl  st>oa,'  er.rla  4- n "jMnVi 
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a load  can  be  applied,  (b>  portions  -hich  form  a gentle 
transition  between  the  ends  ar.d,  (c)  a center  portion  of 
constant  cross  sectional  ersac  Such  s specimen  1?  male 
long  so  that  there  will  be  little  or  no  irregular  distri~ 
button  of  tensile  stress  in  the  central  portion  caused  by 
the  grips  holding  the  enlarged  endso  The  specimens  are 
enlarged  so  that  the  maximum  stresses  developed  there  due 
to  the  test  and  gripping  forces  will  not  cause  local  failure 0 
The  transition  sections  serve  to  isolate  the  test  portion 
from  ary  high  local  stress  concentrations  in  the  gripping 
portion  and  allow  the  stresses  to  increase  steadily,  (but 
not  abi-uptly)  to  a maximum  in  the  center  sect  ion  * The 
gradual  reduction  of  area  in  the  transition  sev;tion  hlso 
prevents  the  development  of  any  stress  concentrations  beyond 
the  gripping  portion » This  specimen  configuration  results 
in  the  test  portion  having  uniformly  distributed  stress 
across  any  section c 


If  vg  compare  this  typical  tensile  specimen  with  1;ho 
cne  adopted  by  ASTM  for  adhesives,  we  see  that  the  specimen 
has  no  transition  between  the  gripping  portion  and  the  test 

♦*  4 M'M  m V m «m4  4 <«•»  mm  am  4m  vi  a 4 waI  o/1!  ^ Vi  n r»  A * ViT*  ^ y%  #v 
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portion,  and  the  test  portion  is  very  short  with  respect  to 
its  diumeterc  .because  of  these  differences  there  is  good 
reason  to  suspect  that  the  adhesive  bond  is  not  subject  to 
a uniform  tensile  load.  the  bonding  surface  distorts 

from  a p3ain  surface  a?  the  test  load  is  applied  resulting 
in  different  locations  in  the  edhesiveo 


111 


RAVORD 


Report  2272 


The  diff crtTrjQCt?  in  test  loads  to  op  us  a failure  in  VI";® 
specimens  of  different  lengths  would  jseett  fco  corroborate 
th*«e  suspicions. 


The  type  of  distortion  or.e  might  expeat  from  the 
geometry  of  the  specimen  and  resulting  stress  distribution 
on  an  elastic  adhesive  are  shown  below© 


1/2  original 
adhesive  thick- 
ness — 

JL 


strain  at  center  of  adhos 
i v# 

non  plainer  distortion 
/ l j_T* strain  nt  edge  of  adhoalv* 

E*. 


i i 


Since  the  adhesive  between  the  specimen  halves  is 
usually  only  one  or  two  mils  thick,  it  can  easily  he  seer, 
that  a very  small  distortion  of  the  bonding  surface  will 
cause  large  differences  in  the  unit  strains  values 
developed  in  the  adhesive..  For  example,  in  the  above 
sketch: 


Assume:  Original  film  thickness  m ,002  in© 

Non- Planar  Distortion  » „ 00001  in* 

Unit  Strain  at  Center  - 2% 
then,  strain  at  center  s ©00002  in© 

strain  at  edge  h ’40000?  + ’400001  ■?  20000;} 
unit  strain  at  edge  $ 3# 

wSince  in  the  elastic  range  the  stress  will  be 
proportioned  to  the  strain,  the  stresses  developed  at 

rn.i>  ■*-  r-*  j»V. ^ vr4  *'  » &*..-»  *i  r>'**  f" V?*-'  * f + <•> 

vt«w  v.  w ^ t VtU  v U V wii-v  v>a  v vv  w*.  v/fc»  ft  a 4.  — «*■  / - ••  ••  * 

the  center© 

Another , and  perhaps  unavoidnule , source  of  erre* 
in  the  measurement  of  the  strength  cf  an  adhesive  subject 
to  pure  tension  Is  the  development  of  transverse  (or  radial) 
strains  which  must  develop  in  the  adhesive  and  adherends 
when  they  have  different  Young^s  Moduli©  (See  Section  IX) , 
It  is  not  uncommon  for  a metallic  adherend  material  to 
have  a modulus  100  times  that  of  the  adhesive:-  If  they 
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the 


same  Poisson  ratio-  th'S  adhesive  will 


ooXfh  ny.v^? 

try  to  contract  100  times  as  much  as  the  adher end  which 
will  result  in  the  development  of  various  strains  resulting 
in  a non-uniform  stress  distribution  throughout  the  adhesive 


From  the  preceding  discussions  of  possible  causes  of 
non-uniform  stress  distribution  in  a standard  edhesivw 
tensile  specimen  one  might  expect  strains  to  occur  somewhat 
as  exaggerated  in  the  sketch  be!ow<> 


Failure  would  surely  occur  Just  at  the  boundary  of 
the  adhesive  where  the  Induced  shear  and  tensile  stresses 
are  at.  a maximum 0 The  measured  test  load  when  divided  by 
the  bonded  area  would  give  values  touch  lower  than  the 
inherent  or  true  tensile  strength  of  the  adhesive  It  can 
only  be  said  that  the  standard  specimen  will  give  a safe 
value  of  tensile  strength  to  use  in  design  computations o 


Because  most  bonded  Joints  in  structural  applications 
are  usually  designed  to  withstand  the  applied  loads  In 
shear,  the  evaluation  of  the  shear  strength  of  adhesives  is 
of  prime  importance 0 It  is  unfortunate  that,  as  in  tensile 
testing,  it  is  very  difficult,  if  not  impossible,  to  apply 
a uniform  pure  shear  loading  to  an  adhesive c The  ASSM  has 
proposed  several  methods  for  evaluating  the  3hear  strength 
of  adhesives  ty  applying  tensile  or  compressive  loads  to 
double  Ian  .iointed  specimens  or  torsion  to  solid  or  tubular 


butt  juiiiT*5  sno  ns ^ sucpc^c  s yingi “ 
compromise  between  rigor  and  ease  of  tasting* 
obtained  from  these  teats  are  not  pure  shear  strength  values 
as  the  raa  theme tical  analysis  by  Go land  and  Reisner  (fee 
Section  II)  indicates  that  tho  adhesive  in  lap  Joints  is 
not  subject  to  pure  (or  simple)  shears 
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(b)  7hs  analysis  of  the 
p?*Ow*  5~,  'tOO  Complex  I or 


stresses  in  an  adhesive  Joint  it 

accurate  3(?Iu?iOR  ever,  in  the 


simplest  cases  * 

Therefore 8 the  application  of  analytical  solutions  to  the 
&««ign  of  structures  with  bonded  Joints  can  only  be  approxi- 


mated*. 


The  use  of  adhesives  as  dielectrics  in  electrical 
assemblies  is  being  given  widespread  attention*  Further, 
the  use  of  dielectric  absorption  a$  a method  for  the 
application  of  boat  in  bonding  processes  is  now  of 
considerable  technological  importance  particularly  in  the 
?lwood  industry1:  As  a result  the  development  end  standard- 

isation of  electrical  test  method a for  adhesives  has  become 

— — /*  W n ACd*V  »«>  ^ *•*.«  <l*-  • 
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established  a sub-committee  on  Electrical  Test  Methods  for 
this  purpose* 

The  Sub-committee  on  Electrical  Test  Methods  has 
reviewed  the  methods  recommended  by  the  ASTM  Committee  D«9 
oo  Insulations  and  feels  that  with  minor  adaption  the 
available  techniques  and  equipment  will  suffice* 

A draft  of  a Tentative  Test  Method  for  the  Electrical 

Properties  of  Adhesives  is  now  being  circulated  for  acceptance* 
It  is  reproduced  here  for  information  purpose*  only* 


Tentative  Methods  of  Testing  Adhesives  Used 
for  Electrical  Insulation 


Sense 

lo  ¥hose  methods  cover  tests  for  adhesives, 

(a)  in  liquid  state  which  are  intended  to  be  cured  by 
dielectric  heating*  and 

(b)  in  the  solid  which  arc  intended  for  the  purpose 

of  providing  electrical  Insulation*  The  tests  appear  in  the 
following  orders 

Power  Factor  and  Dielectric  Constant  of  T.-imid  Adhesives 

Power  Factor  and  Dielectric  Constant  of  Solid  of  Highly 
Viscous  Adhesives 

Dielectric  Strength  of  Solid  Adhesives 

Insulation  Resistance  of  Solid  of  Highly  Viscous  Adhesives 
Arc  Resistance  of  Solid  Adhesives 
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2„  <%a)  'ier-t  specimens  for  the  deter* 'mi  nation  cf  power  isctor 

and  dielectric  constant  of  solid  or  highly  vist-ous  adhesives 
by* 

(1)  Methods  Involving  a simple  capacitor  circuit  shall 
he  prepared  in  accordance  with  the  3te  ndard  Mel  hod  of  Test  for 
Tensile  Properties  of  Adhesives  (D8;)?— +9). 

(25  Methods  involving  a capacitor  with  guard  ring  shall 
be  prepared  as  in  2(b)* 

(b)  Test  specimens  for  uf.se  in  determining  the  insulation 
resistance  of  solid  adhesives  shall  consist  of  two  metal  discs, 
one  l/8n  x 2"  dlsu  the  other  1/8"  r.  IV  5 dia,  ai  d a metal  ring 
i/3"  x 2"  OD  and  1*75"  ID,  bonded  together  by  the  sample  adhesive 
as  shown  in  Pig*  1*  Thq  specimen  shall  be  bonded  by  the 
application  of  pressure  or  heat  if  necessary  by  means  of 
parallel  platens  in  a suitable  pfes.io  The  thickness  of  glue 
line  shall  be  not  greater  than  0^060  i.or  less  than  IMOOIO^ 


(c)  Test  specimens  for  use  in  determining  the  arc 
resistance  of  solid  adhesives  shall  censist  of  panels  of 
silicone  re3in  bonded  glass  cloth  laminate,.  4'*  x 4"  x 1/8' 
costed  cr;  one  side  with  one  or  more  layers* 


Ofriigg 

3c  Gluing  and  preparation  of  areas  whLch  are  to  he 
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by  the  manufacturer  of  the  adhesive 


cemented 

a.  n i ..  „ . 

b jl  jLiAir  *. 


Procedure 

POWER  FACTOR  AND  DIELECTRIC  CONSTANT  r ? LIQUID  A DIES  I YES 
4V  The  power  factor  and  dielectric  c<  nstant  of  Ucutd  adhesive* 
shall  be  determined  and  reported  in  ai.  sordance  with  Standard 
Method  cf  Test  for  Power  Factor  and  Dielectric  Constant  of 
Electrical  Insulating  Oils  cf  Petroleum  Origin  (ASTM  Desi/nti- 


power  factor  and  dielectric 
ADPESIVR'f-J 


r*/\v  <•*?»/,  r it 

fi9.j  * <«ii  i 


5*  The  power  factor  and  dielectric  e; 
viscous  adhesives  shall  be  determined 
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as t Shi  of  solid  or  highly 
?nd  reported  in  see  >rr!  a nee 
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Methods  of  Test  for  Po  mr  Factor  and  Dielectric 
leal  Insu! ating  Materials  (El^C-RTT),  except 

(&'  9 


with  Tentative 

Constant  of 

that  test-  specimens  shall  be  prepared  in  accordance  \*1.  ch  ? 


DIELECTRIC  STRENGTH  OF  SOLID  ADHESIVE 1 

60  The  dielectric  strength  of  solid  adhesives  shall  he  determined 
and  reported  In  accordance  with  Tenta  ive  Methods  of  Testing 
Varnishes  Used  for  Electrical  Insulation  CD115~48T' , 


INSUIATION  RESISTANCE  OF  SOLID  OR  T-IIG  ILY  VISCOUS  ADHESIVES 
?c  The  Insulation  resistance  of  soli  1 adhesives  shall  he 
determined  and  reported  in  accordance  with  Tentative  Methods 
of  Test  for  Electrical  Resistar ce  of  Insulating  Materials 
(D2N7^9T)  except  that  the  test  sped  iens  shall  be  prepared 
in  accordance  with  2(b) o 


ARC  RESISTANCE  OF  SOLID  ADHESIVES 

80  The  arc  resistance  of  solid  adhes  .vea  shall  be  determined 
and  reported  in  accordance  with  Tenta  ;ive  Method  of  Test  for 
High  Voltage,  Low  Current  ACR  Resists  ice  of  Solid  Electrical 
Insulating  Materials  {DM?‘)-48T)  excep : that  the  specimens  shall 
be  prepared  in  accordance  with  2(c) o 

9°  The  report  in  addition  to  the  ite  is  called  for  in  the 
related  methods,  shall  include  the  fo -lowing: 

(1)  Complete  identification  of  tin  adhesive  applied 0 

(2)  Method  of  applying  the  adhesive 0 


The  difficulty  of  analytical  so 
, of  full  scale  testing  in  any  design  p 
the  use  of  models  as  an  economies!  ve 
ticn  of  design  calculations  may  be  ma 
physical  properties  of  the  prototype 
confidence  a Since  Goland  and  Relsner 
joints  can  be  extended  to  Indicate  tb 
in  a bonded  joint  varies  considerably 
rigidity  ra^.io  of  the  adhesive  to  the 
sea*  e models  to  evaluate  structures  h 
must  be  made  with  considerable  judgrae 


^ ~ 
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-utions  and  the  cost 
■ofeiem  often  lead  to 

% 4 **  V* ■» • • A 

i jm  x*  u $ 

le  and  from  which  the 
lay  be  predicted  with 
!s  conclusions  for  lap 
*t  the  stress  distribution 
with  the  thickness  to 
adherer.d,  the  use  of 
iving  bonded  joints 
it  If  serious  errors  are 
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vujlU  ttu  n 


itoasstigiL-gl.  JVtf  he  § 

The  strength  and  reliability  of  an  adhesive  bond  is 
very  dependent  upon  the  degree  with  wiich  the  adhesive  fills 
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vh? 

A full, 


4 ^jf 

t l j 


? A 
-•*  %J 


well 

over  the  sd.1n.cent 


attached  to  the  surfaces  prepared  for  it* 
bonded  joint  distributes  the  stresses  uniformly 

Any  flaw  in  the 


adherers!  materials , 


assembly  is  likely  to  lead  to  fracture  at  sub “normal  loadings 
due  to  stress  concentrations  in  the  adhesive  at  the  edges 
of  the  flaw  (See  Griffith's  theory  of  flaws  ~ Section  II) 0 
It  is  therefore  desirable  to  inspect  e bond  for  flaws  after 
assembly  In  order  that  defective  bonnj;  may  be  rejected  and 
the  bending  processes  revised  to  eliminate  future  defective 
bonds „ 


Flaws  in  adhesive  bonds  include  the  following:  incomplete 
filling  of  the  joint,  inclusion  of  aii . inclusion  of  solid 
particles  which  may  act  as  stress  raisers,  poor  vetting  of 

- — -*««  ~ A***.  — — r>  is-f9*  ** 

- -T4.4V.VM  IA*  VUw  auw  W CU^.  J.UWV  </ A WA  k/OUu  AlA(C, 

pressure,  insufficient  cure  of  the  adhesive,  cracks  and 
fissures  due  to  improper  decign  or  best  cycle  and  resultant 
rapid  or  excessive  shrinkage o 

The  detection  of  flaws  by  visual  means  throughout  the 
bond  is  not  possible  except  when  transparent  adherends  are 
bonded c However,  the  existence  of  a food  continuous  bead  of 
excess  adhesive  at  the  edges  of  the  bend  gives  3cme  assurance  . 
that  sufficient  adhesive  was  applied  and  that  enough  pressure 
was  developed  within  the  joint  to  extiude  some  of  the  adhesive o 
However,  observation  of  the  edges  of  vhe  bond  give  no  indica- 
tion of  other  conditions  which  may  exist  within  the  bond,  as 
a resu! t attention  has  been  directed  4 oward  the  development 
of  other  means  for  the  detection  of  Haws*  x-rays,  ultrasonics 
and  eleotrJ cal  measurements  have  b»en  explored  by  various 
investigators  in  attempts  to  detect  flaws o 

x-rays  are  capable  of  detecting  microscopic  flaws 
such  as  bubbles  or  solid  inclusion  in.  adhesives  in  structures 
the  adherends  of  which  are  of  low  atonic  number*  X-rays 
give  no  clue  as  to  the  existence  of  microscopic  flaws  or  of 
poor  adhesion  at  the  adherend  surface.*  In  structures,  the 
adher ends  of  which  are  of  high  atomic  number,  the  amount  of 
x-ray  attenuation  due  to  the  adhesive  is  small  compared  to 
that  due  to  the  adherenas  and  voids  in  the  adhesive  are 
difficult  or  impossible  to  detect* 

Ultrasonic  techniques  have  been  studied  as  a means 
for  detecting  flaws  In  structures  end  have  been  tried  on 
adhesive  joints*  One  technique  employs  pulseu 
ultrasonic  waves  which  are  transmitted  from  a transducer 
pressed  against  the  structure*  Echoes  from  the  adhesive 
bond  interfaces  from  any  flaws  and  f r *m  the  opposite  face, 


iuiwnU  v r-c.  f ~ 


corse  fcr.ck  to  the  transducer  ir  the-  order  in  vhi c-h  the 
transmit  ted  wave  impinges  upon  there-  *^he  amplitudes  of 
the  reflected  waves  are  dependent  upon  the  si?#  and  shape 
of  the  Havs  and  upon  the  differences  In  acoustic  iir.pedet.ee 
between  the  adhesive  and  the  adherondje.  "he  amplitude  of 
the  reflected  waves  are  also  dependent  upon  the  damping 
characteristics  of  the  materials  through  which  the  wave# 
must  pass a A second  technique  employs  frequency  modulated 
ultrasonic  waves  which  are  transmitted  into  the  structure 
from  a transducer  pressed  against  one  side.  Here,  the 
structure  resonates  at  various  frequencies  depending  upon 
its  dimensions  when  the  frequency  sweeps  through  those 
frequencies e Having  become  acquainted  with  the  frequencies 
and  amplitudes  at  which  & flawless  structure  resonates  It 

^ c*  WHcnihl  a # a 1 crAMcnf  Ae  n 

-t-  v A- - w v wi'  i ‘ji  ru.v*%^  vi  -r.  r.  wvwvu^  ^ - v — • •*" 

production  samples  and  to  interpret  t icse  additional 
frequencies  and  amplitudes  in  terns  of  the  quality  of  the 
structure,*  Neither  of  these  techniques  have  been  found  to 
be  of  particular  value  in  connection  vith  the  detection  of 
flaws  in  adhesive  bonds  due  to  attenuation  of  ultrasonics 
in  most  material*  and  due  to  the  sm.al 1 acoustic  differences 
which  are  introduced  by  flaws e 


Considerable  interest  has  developed  in  electrical 


measurements  as  a means  for  the  detec 
Joints  revolving  mainly  around  capaci 
in  bonds  between  metallic  adherendso 
small  differences  in  the  capacitance 
interpreted  in  terns  of  tne  existence 
1 033  measurements  can  be  interpreted 
of  cure  of  the  adhesive « The  method 
of  value  in  connection  with  the  detee 
adhesive  layers  between  non-metal lie 


tion  of  flaws  in 
tance  measurements 
It  is  thought  that 
of  a bond  may  be 
of  voids  and  that 
in  terms  of  the  degree 
does  not  appear  to  be 
ticn  of  flaws  in 
adherendso 
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SECTION  VI  - £L £$mX 


§m3_.iiel£tin^toj^ 


^ n/ 


Adhere . v.  ~ To  cause  two  surfaces  to  be  h*'id  together  by 
adhesion. 

A<gh .grs&£  t o.  - A body  which  is  hsld  to  another  body  by*  aia 
odhesiveo  (See  also  Substrate.) 


Adhesion,  ft. 


Adhesiop, 


- The  state  in  Which  tvo  surfaces  are  held 
together  by  Interracial  forces  which  may 
consist  of  valence  forces  or  interlocking 
action,  or  both*  (See  also  Adhesion, 

Mechanical  and  Adhesion.  Specific.) 

?foflhlca2 . Adhesion  between  surfaces  in  which 
the  adhesive  holds  trie  parts  together  by  inter- 
locking action©  (See  also  Adhesion,  Specific Q) 


Adhesion.  Specific.  • Adhesion  between  surfaces  which  are 
held  together  by  valence  forces  of  the  same 
type  as  these  v/hich  give  rise  to  cohesion© 
(See  also  Adhesion.  Mechanical'. 


Miesiyg,  n. 


- A substance  of  holding  materials  together 
by  surface  attachment. 

Notes  - Adhesive  is  the  general  tern  and  includes 
among  others  cement,  glue,  mucilage  and  pasteo 
All  of  these  terms  are  loosely  used  Interchange- 
ably.  Various  descriptive  adjectives  are  applied 
to  the  terra  adhesive  to  indicate  certain  character* 
istics  as  follows: 

Physical  form,  that  is,  liquid  adhesive,  tape 
adhesive o 

Chemical  type,  that  is,  silicate  adhesive,  resin 
adhesive „ 

Materials  bonded,  that  is,  paper  adhesive, 
metai -plastic  adhesive,  can  label  adhesive* 


Conditions  of  use,  ihai  is,  hot"setting 
adhesive  - 


* ASTM  Designation:  D907--W 
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* „ 
* * 


Aj5g*?BbIy«.  - An  adhesive  vhi*\h  can  be  used  for 

bonding  parts  together  ? .uch  as  in  the  manufact yrs 
of  a boat,  airplane,  furniture,  and  the  11  be-. 


*joj& : The  terra  assembly  adhesive  is  commonly 

used  in  the  wood  industry*'  to  distinguish  such 


adhesives  (formerly  called  "joint  glues’')  from 


those  used  in  making  plywood  (sometimes  called 


'veneer  gmes 


« \ 


t4  4 ~ 

-i-  1/  j.  O Cl 


pplied  tc  adhesives  used 


ASilfiSlSl 


CgXjl=|g^ |pj|»  - .fin  adhesive  which  sets  at  temperatures 
below  20cCa  C6ocF„>*  (bee  also  Adhesive,  Hot- 
Setting  ) Adhesive,  Intermediate  Temperature 
Setting  | ar>d  Adhesive,  Boom  Temperature  Setting;  <> 


Adhesive « Hot-Setting  - An  adhesive  which  reouires  a tempera* 
tare  at  or  above  100CC«  212°F„$  to  set  it«> 

(See  also  Adhesive,  Cold  Setting  $ Adhesive, 
Intermediate  Temperature  Setting:  a -.d  Adhesive t 


Room  Temperature 


Setting 


iidriesi  V 


2ft » Xitelfflgftifijfcfl  XeJUffia&tfft  S&&U&  “ An  adhesive  which 


sets  in  the  temperature  range  31  to  ?9°Co  (8?  to 


211°Fc)o  (See  also  Adhesive,  Cold-Setting 


Adhesive,  Hot-Setting,  and  Adhesive,  Room  Tempera* 
ture  Setting,  * 


Adhc^vi,  «,  - An  adhesive  made  so  as  to 


adhere  t<~*  « surface  at  room  temperature  by 


briefly  applied  pressure  alone- 


MiSSiSft , 


gggiq-lfiauze^^ 

the  temperature  range 


An  adhesive  v Alien  sets  in 
imperaturo  range  of  20  to  3$°C.  (68  to  86rF.)( 
in  accordance  with  the  limits  for  Standard  Room 
Temperature  specified  in  the  Tentative  Methods 
of  Conditioning  Plastics  and  Electrical  Insulating 
Materials  for  Testing c (AS TM  Designation  D 6i8)* 
(See  also  Adhesive,  Cold ‘Setting 5 Adhesive,  Hoi- 


<2  a4>«-4  »•._  . ~i  A 4X.  - .4  V Jt._. 


Setting /o 


* X/  v*  .1 
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in  fabricating  finished  structures  or  goods,  or 
subassemblies  thereof,,  as  differentiated  from 
adhesives  used  in  the  production  of  sheet  materials 
for  sale  as  such,  for  example , plywood  or  laminates o 
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Aghfi&jJKS  V,  ~ a t?rc  used  to  describe  an. 

adhesive  oonai sting  of  svc  parts,  one  part  being 
applied  to  one  aciherend  e.r  d the  other  part  to 
the  other  adherend  and  the  two  brought  together 
to  form  a joints 

gdfrjeaiJgft-  $2&&£aX£U&  ~ A terra  which  is  sometimes  used  as  a 
synonym  for  Intermediate  Temperature  Setting 
Adhesive..  (See  Adhesive,  Intermediate  Temperature 
Setting) 9 


Aging  Time  - See  Time,  Joint  Conditioning 


See  Tack,  Dry. 


Ho 


j A tvuup  of  materials  or  parts-  including 
which  has  been  placed  together  for  bonding 
has  beer,  bonded  together., 


Auhesi vc , 
of  vhioh 


Adhesive  « Sea  Adhesive,  Assembly., 

Assembly  Glue  - See  Adhesive,  Assembly 
&^U£~!UlBa  - See  Time,  Assembly 

Bag  folding  » A method  of  molding  or  bonding  j r yolving  the 

application  of  fluid  pressure,  vs*  bv  means 
of  air»  steam,  water,  cr  vacuum ; ••  j a - .exible 
cover  which,  sometime?  xn  conjunction  with  the 
rigid  die,  completely  encloses  the  material  to  be 
bonded • 


Binder.  n„  - A component  of  an  adhesive  composition  which  is 
primarily  responsible  for  the  adhesive  forces 
which  hold  two  bodies  together.  (See  also 
:ixtender  and  Filler) c 

Blister.  n»  » An  elevation  of  the  surface  of  an  adherend, 
somewhat  resembling  in  shape  a blister  on  the 
human  skinj  its  boundaries  may  be  indefinitely 
outlined  and  it  may  ha\  e • jurat  and  become 
flattened* 

Note : - A blister  may  be  caused  by  insufficient 
adhesive}  inadequate  coring  time,  temperature 
or  pressure}  or  trapped  a:  r water,  or  solvent 
vapor  o 
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Blocking*  n«  » An  undesired  adhesion  between  touching  layers 
of  a material,  such  as  occurs  under  moderate 
pressure  during  storage  cu*  us«;, 

« 

top4 a no  "•  The  attachment  at  an  interface  between  an  adhesive 
and  an  adherand,  (See  also  Joints) 

BoncS  ■>  Vs  - To  attach  materials  together  by  adhesives » 

Catalyst f r4  - A substance  which  markedly  speeds  up  the  cure 
of  an  adhesive  when  added  in  miner  quantity  ca 
compared  to  the  amounts  of  the  primary  reactants u 
(See  also  Hardener  and  Inhibitor*) 

Cement,  n,  - See  Adhesive 

Cemaiit t v«  •"  See  Bond,  v©,  adhere,  v. 

.Closed  Assembly  Time  - Sae  Time,  Assembly 

Cohesion,  n.  - The  state  in  which  the  particles  of  a single 

substance  are  held  together  by  primary  or  secondary 
valence  forces » As  used  in  the  adhesive  field,  th© 
state  in  which  the  particles  of  the  adhesive  (cr 
the  adherend;  are  held  together 0 


rfld  71 


t - See  Creep 


Cold  Pressing  « A bonding  operation  In  which  an  assembly  la 

subjected  to  pressure  without  the  application  of 
neato 


id  -’Setli: 


See  Adhesive,  Sold* Setting 


£&2£fikSBX«  n«  - See  Rosin 

Copd ens>j tjl.ftP ♦ n,  - A chemical  reaction  in  which  two  ov  more 
molecules  combine  with  th?  separation  of  water 
or  some  other  simple  substance,.  If  a polymer 
is  formed,  the  process  Is  celled  polycondensation, 
(See  also  Polymerization, ) 

f*  -s -»*. 4 «*. *r*A^*.  ...  m 4 t*.  <*_.*,  /*♦-  -«  w 4 *.4  — — 

wmu-  i • * i,i  j j « ik  i > inti  Liwrt  i i nm  «.  *>  ujin,  ' iu  .1  f.  1.^111 


Copolymep  - See  Polymer 
Corolvmerlr-ation  - See  Polymerization 
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5ZL&&M S&s  n=  * Fine  cracks  which  may  extend  in  a network  on  or  . s. 

under  the  surface  of  or  through  a layer  of  adhesive* 

1 il 

Creepy  n>  •=>  The  dimensional  change  with  time  of  & material  under 

Iced,  following  the  initial  instantaneous  elastic  ’ 
or  rapid  deformation*  Crr >ep  at  room  tempera  taro  -3i 

is  sometimes  called  Colo  Flow®  * | 

Cross  Lanflnatad  - Boa  Laminated,  Cross 

Cu.yq r v,  ' To  change  the  physical  properties  of  an  adhesive  by 

chemical  reaction*  Which  may  be  condensation,  T 

polymerisation,  or  vulcanisation;  usually  1 

accomplished  by  tha  action  of  heat  and  catalyst, 
alone  or  in  combination,  with  or  without  pressure* 

i&xilgL ?33UffXft3W.8  - See  Temperature,  Curing  j 

- See  Curing  f 

Pqlan^nnflgp,  n.  * The  separation  of  layers  in  a laminate 
because  of  failure  of  the  adhesive,  either  in 
the  adhesive  itself  or  at  the  interface  between 
the  adhesive  and  the  adherend,  or  because  of 
cohesive  failure  of  the  adherent* 

■? 

Double, Spread  « See  Spread  j 

T*  ■ 

Dry,  v-  - To  change  the  physical  state  of  an  adhesive  on  an 
adberend  by  the  loss  of  solvent  constituents  by 
evaporation  or  absorption,  or  both  (Bee  also  Cure 
and  Sst)«  o- 


Dry  Strength  • 3ce  Strength,  Pry 
Dry  Tack  - See  Tack,  Dry 

Drying  Temperature  - See  Temperature,  Drying 


?£2l8£JZ J&&  - Drying 


no  - A material  which  at  room  temperature  can  be 
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original  length  and,  upon  immediate  release  of  the 
stress,  will  return  with  force  to  its  approximate 
original  lengths 
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bk tender ; n0  - k substance,  generally  taring  some  adhesive 

action,  added  to  an  adhesive  to  reduce  the  amount 
of  the  primary  binder  required  per  unit  area- 
f»Sse  also  Binder  and  Filler). 

Filler T ru  - A relatively  non-adhesive  substance  added  to  an 
adhesive  to  improve  its  working  properties, 
permanence,  strength,  or  other  Qualities.  (See 
also  Binder  and  Extender). 

SsXi  n.  “ A semisolid  system  consisting  of  a network  of  solid 
aggregates  in  which  liquid  is  held. 

Oela tippy  r>c  - Formation  of  a gel. 

Glue,  no  » Originally,  a hard  gelatin  obtained  from  hides v 
tendons.  cartilage,  bone3,  etc.  of  animals . 

Also,  an  adhesive  prepared  from  this  substance 
by  heating  with  water c Through  general  use  the 
term  is  now  synonymous  with  the  term  ’'-adhesive" . 
(See  also  Adhesive,  r&icilage,  Fasts,  and  Sizing). 

Glue t v*  - Sec  Bond,  v. 

Gum,  n.  - Any  of  a class  of  colloidal  substances,  exuded  by 
or  prepared  from  plants,  3ticky  when  moist, 
composed  of  complex  earbohyds’ates  and  organic 
acids,  which  are  soluble  or  swell  in  water. 

(Sec  also  Adhesive,  Glue,  Rosin) 

Note i - The  term  gum  is  sometimes  used  loosely 
tc  d«nct  s various  materials  that  exhibit  gummy 
characteristics  under  certain  conditions,  for 
example,  gum  be lata,  gum  benzoin  and  gum 
asphaltum*  Gums  arc  included  by  3cnie  in  the 
category  of  natural  rosins. 


Harden^  B ru  ■=-  A substance  or  mixture  of  substances  added  to 
an  adhesive  to  promote  or  control  the  curing 
reaction  by  taking  ‘part  in  ito  The  term  is  also 
used  tc  designate  a substance  added  to  control 
t“i5  O I rmrouesa  Or  'ihO  ulii  cu  I J- ini c. 

also  Catalyst )c 


See  Adhesive,  Hot-Betting. 
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lnji.Vfoi ter c.  n»  - A substance  which  a j ova  down  chemical  reaction* 
Inhibitors  are  sometimes  used  in  certain  types  of 
adhesives  to  prolong  storage  or  working  life* 

JulumiJ pa t.tau &fc Ml&sixs  ~ See  Adhesive, 
Intermediate  Temperature  Betting. 

jZ&ic&j  n«  - The  location  at  which  two  adherends  are  held 
together  with  a layer  of  adhesive  (See  also 
Bond,  ru) 

Joint-Aging  Time  - See  Time,  Joint  Conditioning, 

Joint, Conditioning  Ti^a  - See  Time,  Joint  Conditioning « 

4£UK»  AftS 


A joint  made  by  placing  one  adherena  partly  over 
another  and  bonding  together  the  overlapped  portions 
(Sec  also  Joint,  Scarf.) 


Joint r Scarf  - A joint  made  by  cutting  away  similar  angular 

segments  of  two  adherends  and  bonding  the  adherends 
with  the  cut  areas  fitted  together.  (See  also  Joint, 
Lap) 

JfliAts  - a joint  which  has  an  insufficient  amount  of 

adhesive  to  produce  a satisfactory  bond* 

Note i This  condition  may  result  from  too  thin  a 
spread  to  fill  the  gap  between  the  adherends-, 
excessive  penetration  of  the  adhesive  into  the 


adherent! , too  ;hort  an  assembly  time, 
use  of  excessive  pressure. 


the 


laminate,  n*  - A product  made  by  bonding  together  two  or  more 
layers  of  material  or  materials*  (See  also 
Laminated,  Cross  and  Laminated,  Parallel*) 

Laming fra „ vt  ■=*  To  im.lt©  layers  of  material  with  adhesive. 

? n*  - The  process  of  preparing  a laminate,  Also., 
any  layer  in  a laminate^ 

lami itac-u . Cr/raa . *=*  A laminate  in  wnich  some  of  the  layers  of 
material  are  oriented  at  right  angles  to  the 
remaining  layers  with  nespeet  to  the  grain  or 
strongest  direction  in  tension*  (See  also  Laminated", 
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Notes  Balanced  construction  of  the  laainaiions 
about  the  center  11ns  of  the  thickness  of  the 
laminate  Is.  normally  assumed,, 

: rallsl  - A laminate  In  which  all  the  layers  of 
material  are  oriented  approximately  parallel 
with  respect  to  the  grain  or  strongest  direction 
in  tension*:  (See  also  Laminated-  Cross*) 


I&£-ic4j&  - See  Joint,  Lap* 

Mechanical  Adhesion  - See  Adhesion,  Mechanical,  and  Adhesion 

Specific. 

Mono wipt»t  «s  - a relatively  simple  compound  which  sen  react  to 
form  a polymer*  (See  also  Polymer.) 

j > n.  - An  adhesive  prepared  from  a gum  and  water*  Also 
in  a more  general  sense,  a liquid  adhesive  which 
has  a low  order  of  bonding  strength*  (See  also 
Adhesive s Glue,  Paste,  and  Sizing*) 


feg3g.fr> 


A phenolic-aid ehydic  resin  which,  unless  a 
source  of  methylene  groups  is  added,  remains 

permanently  thermoplastic » (See  also  Hesir.oid 
and  Thermoplastic.) 


Open  Aajienft/ly  ,tipe  « See  Time,  Assembly 

" See  Laminated,  Parallel. 

J3e&&C.*  Ho  *>  An  adhesive  composition  having  a characteristic 
plastic-type  consistency,  that  is,  a high  or dvr 
of  yield  value,  such  as  that  of  a paste  prepared 
by  heating  s mixture  of  starch  and  water  and 
subsequently  coolihg  tie  hydrolysed  product, 

(Sec  also  Adhesive,  Glue,  Mucilage,  and  Sizing*) 

“ Sen  Condensation 


- A compound  formed  by  tie  reaction  of  simple 
molecule*?  nnyin®’  funoti or*?  t »r*™i t)°  vh.tch 
their  combination  to  proceed  to  high  muleoular 
weights  under  suitable  conditions o Polymers  may 
be  formed  by  pclyaerlzetion  (addition  polymer) 
or  polycondensa t i on  ( condensation  polymer) a 
When  two  or  more  monomers  are  involved,  the 
product  is  called  o copolymer* 


UV 


■fiua* 
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?pj  ym.fei-.l  Q r»o  - A chenieel  reset  Lon  it:  v .ich  th«?  molecules* 

of  a monomer  are  Jinked  together  to  form  large 
molecules  whose  zaeieeulsr  weight  is  a multiple 
of  that  of  the  original  substance*  When  two  or 
more  monomers  or*  involved  , the  process  is  ca^Jed 
oopolymeri nation  or  heteropolymerifca.tion*  (See 
also  Condensation* ) 


rot  Lif a - 3se  Working  Tdfs*, 

Pfasaui ■» .-oanslt jL»fe..Adh.e8iYe  - See  /dhesive,  Pressure-Sensitive,, 

Resin,  wo  •'  Any  of  & class  of  solid  or  semi  -solid  organic 
products  of  return?.  or  synthetic  origin* 
generally  of  hieh  molecular  weight  with  no 
definite  melting  point c (See  also  Gum*) 

Npt,® s Rasin'?  are  generally  water- Insoluble 
and  have  little  or  no  tendency  to  crystalline© 
However,  certain  resins,  such  ar  some  polyvinyl 
alcohols  and  polyacrylates,  are  readily 
dispersible  in  water,  and  others <■  such  &.s 
polyamides  and  polyvinylidene  chloride,  are 
readily  crystallized© 

Bealwrxi  ? n - Any  of  the  class  of  thermosetting  synthetic 
resins.  either  in  their  initial  temporarily 
fusible  state  or  in  their  final  infusible  state  © 
(Sec  also  Koyolafc  and  Thermosetting©) 


£.SiAE£l'si*;  " See  Inhibitor 


Rood  '^n^pera  tur*  Setting  .Adhesive 
Temperature  Setting. 


A rl'naift  ,c,» 

v«*  * v w»  a r v ^ 


*■  *vw«a 


Rosin,  ru  - A resin  obtai ned  as  a -.residue  in  the  distill? tlon 
of  crude  turpentine  f.-or?  the  sap  of  the  pin  tree 
^guw  rosin)  or  from  a?  extract  of  the  stumps  and 
other  parts  of  the  tree  (wood  rosin)© 


Scarf „ o jrMt 


« See  Jointj  Scarf 


Sf.iC.tv2 

Q(:  J.  f f 


>rinf , ad  j © - See  5eif~Vuieaoi?.ing 

; . ad^o  - Pertaining  to  an  adhesive  which 

undergoes  vulcanization  without  the  application 
of  heat© 
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Application .< 


>\*^s 


See  Adheaiva.  Seppr??t* 


, -'j  To  convert  an  adhesive  into  a fixed  or  hardened 
state  by  chemical  or  physical  action*  such  as 
condensation,,  polymerization,  oxidation* 
vulcanization,  gelcfcion,  hydration,  or 
evaporation  of  volatile  const! hjents.  (See 
also  Cure  and  Dry®) 


Setting  Temperature  - See  Temperature*  Setting 
Sfittfrnj?  V-ime  - See  Time,  Setting 
* See  Storage  Life 


si  < e 


iJST££U 


See  Spread 


Si^g,  n-  ■-*  See  Sizing 


Siting  y iir. 


The  process  of  applying  a material  on  a surface 
in  order  to  fill  pores  and  thus  reduce  the 
absorption  of  the  subsequently  applied  adhesive 
or  coating  or  to  otherwise  modify  the  surface 
properties  of  the  substrate  to  improve  the 


««  t*  a *«•  4 m>>, 
OVUltIOi.VU  © 

purpose o 


Also,  the  material  used  for  this 
The  latter  is  sometimes  called  Size., 


*•  Sea  Adhesion, 
Mechanical  o 


Specdfic  and  Adhesion v 


Spread.  n=  * The  ouantity  of  adhesive  per  unit  joint  area 
applied  to  an  adherence  It  is  preferably 
expressed  in  pounds  of  liquid  or  solid  adhesive 
per  thousand  square  feet  of  joint  area. 

1?  Single  Spread  refers  to  application  of 
adhesive  to  only  one  adherend  of  a joint, 

2<  Double  Spread  refers  to  application  of 
adherive  to  both  efihorsnds  of  a joint o 

Storage  .iffct  •"  The  perioa  of  time  during  which  a packaged 

adhesive  can  be  stored  under  specified  temperature 
conditions  and  remain  suitable  for  U3e*  Sometimes 
celled  Shelf  Life..  (See  also  Working  Life,) 

- See  Joint,  Starred  * 
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3tr8ngtt‘),  Of y - The  strength  of  an  cu?  esivc  joint  determined 
immediately  after  -crying  under  specified 
conditions  cr  after  a period  of  conditicming 
in  the  standard  laboratory  atreosphere*  (See 
also  Strength.  Wct<>) 

Strength « Wet  ~ The  strength  of  an  adhesive  joint  determined 
immediately  after  removes.!  from  a liouid  in  which 
it  has  been  immersed  under  specified  condiv.j.u-.^ 
of  time,  temperature  end  pressure o 

Kotf  j The  term  is  commonly  used  alone  to 
designate  strength  after  immersion  in  water ^ 

In.  the  latex  adhesives  the  term  is  also  used  to 
describe  the  joint  strength  when  the  adherents 
are  brought  together  with  the  adhesive  still  in 
the  wet  ST&te0 

Suostrficp.  n*  * A material  upon  the  surf ace  of  which  an  adhesive 
containing  substance  is  spread  for  any  purpose# 
such  as  bonding  or  coatirg.,  A broader  ter-m  than 
adherend?  (See  also  Adhfrend)* 

* 

Tacfr,  n * Stickiness  of  an  Adhesive o 

Naig;  This  property  is  measured  as  the  pull, 
resistance  to  effect,  division  without  failure 
or  deformation  occurring  in  the  adherend 
surroundings  or  at  the  ii  terfaec  while  the 
adhesive  still  exhibits  viscous  or  plastic 
flow-.  The  measured  value  may  vary  with  time 
temperature,  film  thickness * etc-: 


TaCk,  D v 


The  property  of  certain  adhesives*  particular..?- 
non-vulcanizing  rubber  -adhesives  j to  adhere  on 
cohtact  to  themselves  at  e stage  in  the  evaporation 
of  volatile  constituents  oven  though  they  seen 
dry  to  the  touche  oomstlmas  called  Aggresr-i'-'c 
Tacko 


JTv 


The  period  of  time  in  *hich  an  adhesive  will 
remain  in  the  tacky-dry  < ondition  after  a ppl. ...cation 


to  an  adherers  i <.  under  specified  conditions  of 
temperature  and  humidity. 


Tac/‘---Drr>»t  ad  jo  - Pertaining  to  the  cor  dltion  of  or;  adhesive  when* 
the  volatile  constituent;  have  evaporated  or  been 
absorbed  sufficiently  co  leave  it  in  a desirod 
tacky  state.-. 
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Temperature,  Curing  ~ The  tempers  tore  to  which  an  adhesive  cr 
an  assembly  is  subjected  te  cure  the  adhesive* 
{■See  else  Temperature,  Drying  3 t *u  Tbs  pc  r <■»  tu  r a , 

rt«r  „ i 


Note » The  temperature  attained  by  the  e&besivc  in 
the"  process  of  curihg  it  (adhesive  curing  tempera- 
ture)  may  differ  from  th©  temperature  of  the 
atmosphere  surround  in?  the  aaaembly  (sfseably 
caring  temperature)  * 

T emrerptu re^Drvinr  - The  temperature*  to  which  an  adhesive  on 
an  adherand  or  in  an  assembly  or  the  assembly 
itself  is  subjected  to  dry  the  adhesive,  (See 
also  Temperature,  Curing  and  Temperatures  Setting-) 

ffeta  % The  temperature  attained  by  the  adhesive 
in  the  process  of  drying  it  (adhesive  drying 
temperature)  may  differ  from  the  temperature 
of  the  atmosphere  surrounding  the  assembly 
(assembly  drying  temperature;* 

Temperature f Setting  - The  temperature  to  which  an  adhesive  or 
an  assembly  is  subjected  to  set  the  adhesive, 

(See  also  Temperature,  Curing  and  Temperature, 
Drying*) 

Notes  The  temperature  attained  by  the  adhesive 
in  the  process  of  setting  It  (adhesive  seating 
temperature)  may  differ  from  the  temperature 
cf  the  atmosphere  surrounding  the  Assembly 
(assembly  setting  tamper* 

Thermoplastic,  adjo  - Capable  of  Velng  repeated  softened  by 
heat,  and  hardened  by  cooling o 

Thermo ola stlc.  n*  - A material  which  will  repeatedly  soften 
when  heated  and  harden  when  cooled 0 


*oset , aaj«  - Pertaining  to  the  state  of  a resin  in  which 
it  is  relatively  infusible » 


n 


> - A material  wnicn  win  unaex*gc  or  nas  unaergimo 
e chemical  reaction  by  the  action  of  heat, 
catalysts,  ultraviolet  light,  etc*,  leading 
to  a relatively  infusible  state0 


7*r  j r* 


■ ■itr-htefr*  ..5 
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J£jt  TP  ~5r,t-t  f 


dl-  * Having  the  property  of  undergoing  a 
chemical  reaetio r by  tha  aoti  on  of  hsstj  catalysts, 
ultraviolet  light,  etc*,  leading  to  a relatively  * 


A!.' 


fusible  state. 


Tig  a.  stably  «■  fbe  tim.e  interval  between  -the  spreading  of 

the  adhesive  on  the  adherond  and  the  application 


Of  pr6 -•  3\l?f  sv 


Vn 

W A Wi  | 


A es  J“ L -S»  »%  **«*»^*  *t  VW 

wu  wit  a0»ouiu>xjr  o 


Koty s For  assemblies  involving  multiple  layers 
or  parts,  the  assembly  time  begins  with  the 
spreading  of  the  adhesive  on  the  first  adherend* 

X*  Open  Assembly  Time  in  the  time  interval  between 
the  spreading  of  the  adhesive  on  thr,  adhersnd 


^ * «JLS  ^ 


4*  \Jt 


r*  ^ 


sr-sombly  of  the  parts 


2o 


and  the  COmp^ 
for  bonding o 

Clcssd  Assembly  Time  is  the  time  interval 
between  completion  of  assembly  of  the  parte 
for  bonding  and  the  application  of  pressure 
or  heat,  or  both,  to  the  assembly* 

T jme « Cubing  " The  period  of  time  during  which  an  assembly  is 
subjected  to  heat  or  pressure,  or  both,  to  cure 
the  adhesivec  (See  also  Ti-scj  Drying, 'Time? 
Joint  Conditioning;  and  Time,  Setting*} 


Note i Further 


wi.gt  i'Wi-uis. v vu?s  may  take  place  after  removal 
of  the  assembly  from  the  conditions  of  heat  or 
pressure,  or  both;  see  Time,  Joint  Conditioning * 


Time , Dry-jpg  - The  period  of  time  during  which  en  adhesive  on 
an  adherend  or  an  assembly  is  allowed  to  dry  with 
or  without  the  application  of  heat  or  pressure*, 

$r  both*  (See  also  Time,  Curixigi  lime,  Joint 
Conditioning;  and  Time,,  Setting*/ 

Time,  Joint  Conditioning  - The  time  interval  between  the 

removal  of  the  joint  from  the  conditions  of  heat 
or  pressure,  or  both,  used  to  accomplish  bonding 
and  the  attainment  of  approximately  maximum  bond 
strength*  Sometimes  called  doing  Aging  Time* 

.tlpe,  Settlpg  - The  perioa  of  time  during  which  an  assembly  is 
subjected  to  heat  or  pressure,  pr  both,  to  set 
the  adhesive*  (See  also  Time,  firing;  Time,  Joint 
Conditioning;  and,  Tims,  Drying*) 
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^.Isapg. '.  r.t  - A chemical  reaction  in  which  the  physical 

properties  of  a rubber  are  changed  in  the  direction 
of  decreased  plastic  flow,  less  surface  tackiness, 
and  increased  tensile  strength  by  reacting  it  with  * 
sulfur  or  other  suitable  agents*  (Sec  also  Self- 
Vulcanising  * ) 

v.  - To  subject  to  vulcanization* 

- See  Adhesive,  Warm-Setting 

Wet  Strength  «*  See  Strength,  Wat * 

Wood  Failure  « The  rapturing  of  wood  fibers  in  strength  tests 
on  bonded  specimens,  usually  expressed  as  the 
percentage  of  the  total  area  involved  which  shows 
such  f a ilur e i» 

Wood  Venoey  « A thin  sheet  of  wood,  generally  within  the 

thickness  range  of  0*01  to  0„P5  in*,  to  be  used 
in  a laminate* 

Working  Life  - The  period  of  time  during  which  an  adhesive, 
f’fter  mixing  with  catalysl*  solvent,  or  other 
compounding  ingredients,  remains  suitable  for 
use*  (See  also  Storage  Life*) 


133 


■■■its?  rtrtltv 


u • ~i~\  *ve.  g,  '■  »***-  ^ - 


•-ratr- 


" v 


HATCH®  Paper  22*7 


ftr<c  of  Crn‘es 


Bureau  of  Crdmane* 

Rel-2  Attas  Wr0  J,  *%.  Ca-a  10 

Ke2» 

Re2&  i 

R*3b  i 

R«3e  1 

R«3f  1 

IW  n vwi  rtSo  X^fl  0 o S<5tl£lijA  X 

Re5  i 

fl«6a  I 

Re6b  1 

Pe7a  I 

o-»ij  i 

» w X. 

Re®  1 

Rec~i  Attn:  Mr0  **<,  S.  Ocuntryman  1 

Qcd  *< 

Rep  1 

Qs  :i 

?L  X 

Mss  I 

Wa»i  thru  7 1 

Bureau  of  Aeronautics  1 

Attn:  Mrc  Bsul  Ptorie 

rdi*„  Xay  Mc  Stavene 
Pra  V>  63  V Bldg. 


KAVORD  Report  i.2*?2 


DISTRIB'^TIOfi 


Naval  Ordnance  Plant 
Indianapolis,  Indiana 

Bif'sokS.^n  Navy  Yurd 
Materials  Laboratory 
Attn:  Mr,  A0  W„  Ci«®k,  Jr, 

Gftiov  of  Havel  Re  scares 
Attn:  Dr„  Randall  Roberteon 
Dru  Lon is  Larrick 

Naval  Powder  Paotory 
Indian  Head.  Maryland 

Havel  Proving  Ground 
Dahlgren,  Virginia 

Havel  Gan  Factory 
*7aehington,  D.  C* 

Attn:  Mra  H0  N„  De  Neale 

Navel  Reaearcr.  Laboratory 
Dr0  Peter  King 

Kavti  Air  Derclopnient  Center 
Johneville,  Pi. 

Attn:  Mra  Ernest  Schleiben 

National  Bureau  of  Standards 
Attns  Mr0  Fo  wc  Reinhart 

Room  iOZJi,  Industrial  Building 
Attn:  Dr.  pa  J0  Fi-anklin 

332  Ordnance  ^iterator/ 


Office  of  the  Quartermaster  General. 

Attn:  Dr.,  Contour*,  Room  2402 
Temporary  Building  A 

Engineer  Center 

Engineer  Peseerjh  end  DevajLopmest  Vabo^at ory 
Attn*  «r„  Phillip  Mitten 
Materials  Branch 
Fort  Belvoir,  Virginia 

Signal  Corps  Engineering  La bora tor/ 

Squier  Signs!  Laboratory 

Materials  Section,  Attm  ^r0  a,  m0  Roger.® 


j.ATPRD  R.erort  7TTA 


Bureau  of  CM  pa 

Co is  3A&  Attn:  Vt-  Jn  B„  Alfere 


P%*»  »♦  * V* 

’*■•••'>  ' *»*  ^ w-»  *»■*>  V c* 


» vw  Mi 


Attn:  yr„  Don&hc© 


of  Chief  of  Ordnance 
Room  SC  374  Pentagon  Bidgc 
Attn;  ’itr«  G-,  Reiner4 th 

Vr,  r0  S0  Wcgiilyrty  (ORDTA) 
Vr0  Eo  Caponi  (ORDTA/ 


Naval  Ordnance  Test  Station 
Invoke?*,  California 
Attn:  Vr«  ro  B,  Donaldson 

Naval  Ordtjanc e Test-  Station 
Pasadena,  California 
Attn:  Mr„  furray 

Na'/a.l  Ordnance  Teat  Station 
In^okero,  California 
Attn:  Wr0  C„  Sa  rineland 

Forest  Products  Laboratory 
Madison  5,  ’"iseoneln 

Naval  Air  Experimental  Station 
Na-ral  Air  Msierial  Center 
Navel  Base,  Philadelphia  12,  ra; 
Attn:  Aero*  Mails,,  Labc 


Pare  Island  Naval  Shipyard 
Rubber  Laboratory 
Vallejo,  California 
Attn:  Vr,  Roae  2,  v©niB 

Fre.rkford  Arsenal 
Philadelphia,  Pa„ 

Attn  Mr*  Varco  Patronio 

"aif.rtown  Arsenal 
’'aiertown,  Rass0 
Attr.*  Dr,  R,  Beeuwket 
-'r.  E,  Hegge 


Ns£  flv 


1 


l 


X 


i 

i 


l 


1 


i 


■<S*>  W V 


r-*  ^ 


Report  2?:jz 
iusisirBcnoa 


S?0  of  Goj.ios 

PiOAtinny  AroesjaX  ^ 

Ten.'jElciu  v';  sior. 

Attn?  Drc  Oilsas. 

KTo  St  J.  X^vell 

Mr  Ds^lopoaat  Geater  ^ 

Dnyl-cn,  Ohio 

it$as  Mr.  R.  Kah^ri* 

Avoji&c  Etoorgjr  Cosaiooien  j. 

Divltioa  of  Beoaarefc, 

Attain  Sr.  J.  7.  Uhl  to 

Saval  Air  Mlsillo  Te*t  Coator  X 

Point  Hsg&t  Oaliforai* 

Attes  Sr.  R*  Waller 


